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INTRODUCTION 
During the last ten years the imp,ortance of the tractor as a source 
of power on Minnesota farms has steadily increased. In 1920 there 
was one tractor to r r farms in the state; the present ratio is about r 
to 3.8. There are about 2~ tractors for each thousand acres of 
crop land. The increase in the use of tractors is important because 
power represents from ro to 40 per cent of all costs of producing the 
common Minnesota farm crops, not including the land charges. Farm-
ers who have tractors are interested in using them to best advan-
tage; while others are asking whether or not a tractor would be a 
profitable investment for them. The material presented in this bulletin 
represents some of the experiences of 291 tractor operators in Min-
nesota. These men operated farms of different types and sizes, located 
in different parts of the state. It is hoped that their experience may 
be of some assistance to other owners in operating their tractors to 
better advantage and to non-owners in deciding whether or not to 
purchase a tractor and the proper size and type to select. 
It is impossible to make any generalizations regarding these prob-
lems that will be applicable to any group of farms. Each farm pre-
sents a problem in itself. It is necessary for the operator to apply 
what information is available relative to the use of tractor power to 
his own particular conditions and then make his own decision. 
This report is concerned primarily vvith the tractor and its effective 
use as a source of farm power. Little attention is given to other forms 
of mechanical power or animal power except in their relation to the 
farm tractor. The authors recognize the wide variation in the economy 
and effectiveness with which animal power is used on farms. This, 
in turn, affects the choice of power for any given farm. However, 
most farmers have had life-long experience with horses. Less than 
ro per cent of all Minnesota farmers, on the other hand, have had as 
much as ten years experience with tractors. This publication is, there-
fore, intended to supplement the experience that Minnesota farmers 
already have had with animal power, with the experiences of a group 
of farmers who are using tractor power. This should aiel in choosing 
the most effective kind or combination of power for any given farm 
as well as assist both present and prospective owners in utilizing their 
tractors to best advantage. 
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POWER SUPPLY ON MINNESOTA FARMS 
Horses and Tractors 
The kind and amount of power in use on farms in Minnesota have 
been changing rapidly during the last few years. Of major importance 
-in this change is the decrease in the number of horses and mules and 
the increase in the number of tractors. The numbers of each for the 
ten-year period, 1921 to 1930, inclusive, are shown in Table I. 
Table r 
Horses, Mules, and Tractors on Minnesota Farms, rgzr to rg3o, Inclusive 
Horses and mules 
Under three Number Total 
years of age* three available 
Year Numbert years Tractors+ drawbar 
Per cent of age horse 
Number of total and over power§ 
1921 91$,000 105,454 lJ .s 809,546 x6.679l1 942,978 
1922 897,000 75,68! 8.4 821,319 x8,no 971,479 
I923 86z,ooo 6o,829 7· I 80t,I7I 19,714 958,883 
I924 848,ooo 60,325 7· I 787,675 23,22611 973>483 
1925 84o,oo6 62,027 7·4 777.973 26,739 991,885 
I926 824,000 68,764 8.3 755,236 29,II7II .988,172 
1927 8t7,000 73,746 9·0 743,254 31,496 995,222 
1928 8ot,ooo 76,413 9·5 724,587 34,965!1 t,004,J07 
1929 786,ooo 65,135 8.3 72o,865 38>435 r,oz.S,345 
1930 771 ,ooo 66,619 8.6 704,381 48,457ff 1,0g2,037 
*These data were obtained from reports of the Minnesota Tax Commission for 1922 
to 1930, inclusive. 
t Kirk, Paul H. Minnesota Annual Crop and Livestock Statistics, Minn. Dept. of Agr ., 
1923-24, Bull. 42, p. 33; 1925-26, Bull. 55, p. 35; I 928-29, Bull. 5, p. 33· 
:j: Kirk, Paul H. Minnesota State Farm Census, Minn. State Dept. of Agr., 1921-22, 
Bull. 22; 1923, Bull. 32·; 1927, Bull. 61; 1929, Bull. 3· 
§ These figures are based on the assumption that the average tractor is equivalent 
to 8 work horses. 
II Estimates. 
ff Fifteenth Federal Census. 1930. 
The number of work horses has decreased from 809,546 in 1921 
to 704,381 in 1930, a total of slightly over 13.0 per cent. 'Nith the 
exception of 1921 and 1922, the number of colts has remained about 
the same during the entire period and the tendency has been for the 
ratio of colts to horses to increase slightly. This indicates that Min-
nesota farmers are making provision for a future supply of animal 
power altho this ratio is not large enough to maintain the present 
number of work horses in years to come. 
The increase in tractors during this period has been much less 
than the decrease in horses and mules-31,778 tractors have been added, 
whereas the number of work horses and mules has been reduced by 
I05,16s. The increase in tractors is 19I per cent. 
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Fig. x. Tractor Distribution in Minnesota by Counties Based on Acres in Crops, 1929 
The concentration of tractors based on acres in crops is relatively high in southeastern 
Minnesota because the average size of farms is smaller than it is in southwestern or north-
eastern Minnesota. Because the average crop acreage per farm is low in many of the 
counties in northeastern Minnesota, the number of tractors per IOO acres appears high 
there also. 
Figure I shows the number of tractors for each 1,000 acres of 
crops in each county. The concentration in some of the southeastern 
counties is relatively high on this basis, because the average acreage 
per farm in these counties is relatively small and the percentage of 
farmers owning tractors is relatively high. A high concentration is 
also shown for some of the northeastern counties because of the small 
number of crop acres per farm in the cut-over areas and of the farm 
tractors that are used for such operations as land clearing, lumbering, 
and road work. The average for the state is 2}4 tractors for each 
I,ooo acres of crop land. 
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FARMS PE.R 
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Fig. 2. Tractor Distribution in Minnesota by Counties Based on Number of Farms, 1929 
The number of tractors in relation to the number of farm~_. "is about the same across the 
southern half of the state and in the extreme northwest. There are relatively more farms 
without tractors in the cut·over sections of northeastern Minnesota than in other parts of the 
sl.ate. 
In Figure 2 the tractor density for each county is shown on the 
basis of the number of farms regardless of size. Som_e of the north-
western counties have a relatively large number of tractors on this 
basis. This is also true of some of the counties in the dairy section 
of the state. There is one tractor for each 3.8 farms in the state. 
The data in Table r show a gradual but definite trend toward the 
increased use of mechanical power and a decrease of animal power. It 
is important to determine if this change in form of power results in 
a change in total quantity of farm power available. 
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Because the ratio of animal power to mechanical power on Minne-
sota farms is changing constantly it is desirable to establish a unit of 
comparison that is common to both forms. The farm tractor is pur-
chased primarily for drawbar power. A tractor is comparable with 
horses only to the extent of the drawbar work it is capable of doing. 
The figures in Table I indicate that I05,I65 horses have been re-
placed by 3I,778 tractors. This is one tractor for each 3·3 horses. 
Cavert' found, in his study of power on Minnesota farms, that the 
average tractor was replacing 3.I horses, and it will be shown later 
in this discussion that the average tractor in this study replaced 3.6 . 
horses. It must be remembered also that the tractor is not the only 
mechanical device that is affecting the use of horses on the farm. 
The automobile is a very important factor, also the motor truck. 
Hart," in his study of the motor truck on New York farms, shows 
an average of r.8 horses displaced per farm on I8g farms operating 
trucks. The tractor is not used to its optimum capacity on most farms. 
Horses are retained when the tractor is purchased and used for opera-
tions to which the tractor is not adapted or for which more or less 
special equipment would be necessary if the tractor were to be used 
advantageously. As a result the average tractor farmer has available 
more drawbar power after he has the tractor than before. 
It is shown later in this discussion that 7 horses are required to 
do the same amount of such work as plowing and disking per day 
as a two-plow tractor will do and that a three-plow tractor is equiva-
lent to 9 or ro horses on the same basis. In comparing the available 
power on Minnesota farms at different periods, it seems reasonable 
to consider the average tractor equivalent to 8 horses. The figures in 
the last column in Table I are computed on this basis. The total 
available drawbar horse power did not change much during this ten-
year period altho there was a slight increase. If that portion of the 
present available truck and automobile power used for doing work 
that was formerly performed with horses were included, it could be 
shown that the present available drawbar power on the average J\Iin-
nesota farm is much greater than it was ten years ago. 
If each tractor is considered equivalent to 8 horses, the present 
available tractor power is about 55 per cent of the animal power. 
In I92I the available tractor power was only about 16.5 per cent of 
the animal power. 
1
-cavert, W. L. Sources of Power on Minnesota Farms. Minn. Agr. Expt. Sta. Bull. 
262, p. 45· I9JO. 
2 Hart, V. B. Farm Motor Trucks in New York. Cornell Agr. Expt. Sta. Bull. 427, 
p. 45· 1924. 
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The available power of a tractor at the belt is always greater than 
the drawbar power,3 because a larger proportion of the power developed 
in the motor is lost through friction when it is transmitted to the 
drive wheels than when it is transmitted to the pulley. Another reason 
for this difference is that the tractor itself must always be moved 
before any drawbar power is available. The drawbar power ranges 
from 50 to 75 per cent of the belt power on most tractors. 
For these reasons the farmer gets a relatively large amount of 
potential belt power as well as the drawbar power when he buys a 
tractor. The average tractor that is designed to pull two plows will 
develop about 20 horse power on the belt and the average three-plow 
tractor will develop about 30 horse power on the belt! A conserva-
tive estimate based on the Nebraska tractor tests would place the belt 
power available on the average tractor at between 20 and 25 horse 
power. On the basis of 20 horse power per tractor, a total of 969,140 
belt horse power was available from farm tractors in Minnesota in 
1930. In 1921, 333,580 horse power was available. It is true that 
the tractor is replacing some stationary gasoline engines, but it is 
also true that electric motors are being acquired on many farms. Much 
of the farm belt work such as feed grinding, threshing, silo filling, 
etc., which was formerly done on a custom basis by large power units, 
is now being done by the farm tractor. In the main, however, only 
a small proportion of the available belt power on farms today is being 
utilized. 
Automobiles and Trucks 
The motor vehicle is becoming a very important factor in farm life 
and in the farm business. Cavert5 shows that the automobile furnishes 
30.9 per cent of the total power used for the farm business and for 
family use. No other source of power furnishes such a large propor-
tion; horses furnish 29.7 per cent, tractors 23.3 per cent, and trucks 
7·7 per cent. 
Almost every farmer has an automobile and on many farms more 
than one are in use. The Federal Census6 shows a. total of 185,717 
passenger cars on farms in the state in 1930. The automobile has 
released a large amount of animal power that was formerly used for 
road work, both pleasure and hauling. The trailer makes it possible 
to haul relatively large loads with the passenger car. 
The Federal Census shows 36,557 motor trucks on farms in 1930.7 
There was one truck for every five farms in Minnesota in 1930. Motor 
a Wallace, H. L. Nebraska Tractor Tests. Neb. Agr. Expt. Sta. Bull. 233. 1929. 
• Ibid. 
• Cavcrt, W. L. Sources of Power on Minnesota Farms. Minn. Agr. Expt. Sta. Bull. 
z6z, p. I 1. 1930. 
o Fifteen Federal Census. 1930. 
• Ibid. 
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trucks for farm use are of two distinct types: the small runabout-
frequently a remodeled passenger car--or a light truck that has been 
purchased secondhand. They are not used for heavy duty but for light 
hauling on the road and about the farm. Frequently they perform the 
function of a passenger car. On the other hand, the regular passenger 
car often performs the duties that ordinarily would fall on the light 
truck. 
The type of truck in more general use on farms in the state is the 
one used for heavy hauling. This truck usually has a rated capacity 
of I }i tons. Various types of bodies facilitate its use for a variety 
of purposes. 
Cavert8 found that 63 per cent of the trucks had a capacity of one 
ton or over; the remaining 37 per cent had a capacity of % ton or less. 
The number of trucks in the state is increasing at a more rapid rate 
than the number of tractors. The percentage increase in tractors for 
1920 to 1930 is 232; the trucks on farms increased from 3,803 to 36,557 
or 861 per cent. 
Electricity 
The Federal Census for 1930 shows 23,342 farms supplied with 
electric energy.9 No data are c..vailable showing what proportion of 
these are receiving high-line energy and what proportion have individual 
lighting plants. The number of farms receiving energy from central 
stations is increasing rapidly at present. White10 states that 9.85 per 
cent of the number of farms in the United States in 1925 were receiv-
ing electric energy from a high line in 1930. This is an increase of 
277 per cent in 6.5 years. Figure 3 shows the percentage of farms 
in each county that are using electricity. 
From the standpoint of available farm power, the electric energy 
from high lines is much more significant than that from individual 
plants. It is true, however, that the individual plant makes possible 
a great many conveniences about the farmstead and in the farm home. 
Its primary function is to furnish lig·ht. Most plants have sufficient 
capacity to operate small appliances, such as the washing machine and 
the vacuum cleaner. Because high-line energy m-ay be used for the· 
operation of large motors to perform heavy belt work, it becomes a. 
significant factor in the consideration of the total power supply on 
the farm. 
The cost of such energy is rather high when used only for lighting 
and for operating one or two small motors. The rates for rural 
s Cavert, W. L. Sources of Power on lvlinnesota Farms. Minn. Agr. Expt. Sta .. 
Bull. 262. 
n Fifteenth Federal Census. 1930. 
to White, E. A. Agriculture Turns On the Current. American Farming, vol. XXV :o-
No. 12, p. 3· December, 1930. 
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Fig. 3· Electricity on Minnesota Farms, 1929 
The number of farms having electricity is relatively higher in the vicinity of St. Paul 
and Minneapolis and in some southern counties. Electricity from high lines is being intro· 
duced rapidly. The number of farms per mile is an important factor in the cost of obtaining 
electric energy and hence influence the rate at which farm connections in any community 
are made. 
service are usually based on a sliding scale., which niakes the cost per 
unit quantity relatively high for the first 40 to 6o kilowatt hours per 
month and considerably lower for all additional energy consumed. 
On farms where electricity is used for such belt work as grinding 
feed and filling silo, the total consumption per month usually is high 
enough to make the cost of energy for power purposes low in com-
parison with the cost of tractor power. An abundance of potential 
belt power becomes available on farms that are equipped with a tractor 
and that are receiving electricity from a central station. 
THE FARM TRACTOR IN MINNESOTA 13 
A STUDY OF FARM TRACTORS IN MINNESOTA 
Purpose of Study 
The steadily increasing use of tractor power on Minnesota farms 
has introduced many problems of adjustment in the organization and 
operation of these farms. These problems are both engineering and 
economic. The tractor displaces a certain number of horses. To use the 
tractor effectively, new machinery adapted to tractor power must be 
added to the farm equipment. Both tractor and tractor equipment 
involve more mechanical ability on the part of the farmer than may be 
required for horse operation. The cropping system may need adjust-
ment because of the lessened consumption of feed crops by horses and 
because certain crops and crop combinations lend themselves better 
to tractor tillage than do others. The tractor may reduce the amount 
of man labor required to operate the farm or make possible the opera-
tion of more acres or more intensive operation of the same acreage. 
The comparative cost of horse work and tractor work is of some 
importance as a factor affecting the adaptation of the tractor to the 
farm. Of even more importance is the effect of the tractor on the 
total income and on the total expense of farm operation. 
Methods of Study 
In order to learn the experience of farmers in fitting a tractor into 
their farm organization and to determine the items of cost involved 
in tractor operation, a survey was made in the spring of 1929 of 291 
farms on which tractors were used. This survey was conducted co-
operatively by the Divisions of Agricultural Engineering and Agricul-
tural Economics of the Minnesota Experiment Station. Only farms 
on which a tractor had been in use at least one year were selected. 
The record included a description of the crop and livestock organiza-
tion and the machine and farm equipment of these farms. A complete 
report of the cost of tractor operation for the year ending March 31, 
1929, was obtained from each tractor operator. In addition, consider-
able supplementary information vvas obtained regarding the labor sup-
ply, the history of tractor use on the farm, the farming operations for 
which the tractor was used, and the farmers' opinion of the adaptation 
of a tractor to his farm. A sample of the survey blank used is to be 
found in the Appendix, pages 83-87. 
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DESCRIPTION OF FARMS STUDIED 
Type of Farming 
The location of the farms studied is shown in Figure 4· The 
farms are located about three centers, Owatonna in the southeast, 
Worthington in the southwest, and Crookston in the northwest. 
These three areas represent each of the three most important types 
~ AR[A5 5TUDIW 
Fig. 4· Location of Areas in which Tractor Study Was Made 
The areas selected for this sludy are representative of the three important types of 
farming in the state-dairying in the southeastern part, bcef~cattle and hog raising in the 
southwestern part, and small~grain farming in the northwestern part. 
of farming in the state. The farms in the vicinity of Owatonna are 
representative of the dairy type prevailing in the southeasf and east 
central part of the state. The farms near Worthington are corn, 
beef-cattle and hog farms, of the type prevailing in that part of the 
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state. In the Crookston .area the fa rms are largely small grain farms 
of the type prevai ling in the Red River Valley. Some livestock is 
maintained , bu t crops are the leading source of income. These three 
types fu rni h most of the problems of tractor adaptation that are 
to be encountered in the state. 
r 
F ig. s. A Tractor S upplying Power for Silo Fi lling 
S il age is an important feed on dairy farms in southeastern Minnesota. l\1ore of the 
farmers inte rviewed in this secti on of the state used their tractors for s ilo fi ll ing than for 
any other kin d of belt work. 
Size of Farms 
The number and stze of farms studied a re shown in Table 2. In 
each area the average size of the farms studied was much larger than 
the average for the counties in which they are located . As will be 
discu sed later., the tractor can be use I more effectively on the larger 
farm and most of the tractors in any locality wi ll be found on farms 
of more than average size. 
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Table 2 
Number and Size of Farms Studied and Comparisons with County Averages 
Southeast Southwest Northwest 
No. of farms studied . . . . . . . . . . . . . . . . . . . . . 1 os 86 100 
Size of farms studied, acres 
Minimun1 . . . . . . . . . . . . . . . . . . . . . . . . . . 65 ISO 100 
~Iaximum . . . . . . . . . . . . . . . . . . . . . . . . . . 470 I 10JJ 2,000 
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . 214 294 ss6 
Average size of farms in counties where 
farms studied are located, acres . . . . . . 141 201 255 
Fig. 6. A Tractor Operated Corn Picker 
The use of mechanical corn pickers is increasing rapidly in southern Minnesota. The 
tractor has sufficient power not only to draw the corn picker and operate it with a power 
take-off but to haul the wagon in which the corn is collected. From 8 to 9 acres of corn 
can be picked in ten hours with a one· row picker and from 13 to r 5 acres with a two-row 
picker. 
Cropping Systems 
Table 3 
Average Acres of Crops Grown and Utilization of Land on Farms Studied 
Small grain 
Corn ............ .. ............... • ...•. 
Alfalfa ....... . .......•....... • ... .. ... · 
Other tame hay .......•...•... • ......... 
Wild bay ............• .. . • ...... . ....... 
Potatoes .. . ....................•...•. . .. 
Miscellaneous crops .................... . . 
Total acres harvested crops ......... . 
Fallow and idle crop land . ... .. ......... . 
Rotation pasture . . ...................... . 
Permanent pasture (tillable) . ..... .... ... . 
Permanent pasture (not tillable) . . ..... . . . 
Farmstead, waste, roads, and miscellaneous 
Total acres in farm ............... . 
Southeast 
67 
45 
6 
•s 
10 
Southwest 
II I 
99 
6 
12 
6 
Northwest 
327 
IS 
19 
26 
20 
10 
8 
------------------------------
146 
6 
17 
29 
II 
214 
236 
II 
J6 
17 
13 
294 
5' 
30 
12 
J8 
20 
ss6 
The average acreage per farm of the crops grown on the farms 
studied, as well as the utilization of the land, is presented in Table 3· 
Small grain occupies 77 per cent of the crop area in northwestern 
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Minnesota but less than half in the other two districts. Cultivated 
crops, on the other hand, have an important place in the cropping 
systems in the latter two areas but are relatively unimportant in the Red 
River Valley. N inety per cent or more of the land in the western two 
sections is tillable as compared with 8 r per cent in the southeastern area. 
Fi g. 7· Harvest ing Grai n with a Combine Harvester 
The use of a combine harvester is increas ing on the large farms of northwestern Min-
nesota. The windrowe r and the pick-up attachment, as shown, serve to adapt the combi ne 
to condi tions. A two-plo w tractor will furnish sufficient power for a ten-foot combine but 
a three-plow tractor is needed for th e twelve- to s ix teen-foot machines. 
Livestock Systems 
Table 4 
Kind and Average Number of H ead of P roductive Livestock 
on F arms St udied 
Dairy CO\VS .. .. ...... . ... .. ... . . . ... .. . • 
Other dai ry cattl e ... . .......... .. ...... . 
Beef CO\YS ...........•.......• . .... ·. • . . . 
Other bee f cattle .. . .. . ... . . . ... . .. ... .. . 
Hogs .... .. ... . ................. . ... .. . 
Sheep ............ . ... . . .. . ..... . •... . . . 
Poul try 
Total animal uni ts* ... . . . . . . ... . .... . . . . 
Animal un its per too acres . . .. ... .... . . . 
Animal uni ts per 100 crop acres .. . ...... . 
Southeas t 
15 .6 
IJ.O 
1.0 
1.3 
8.6 
3· I 
172 
27 .6 
12.9 
r8.9 
outhwest 
5·9 
7-5 
7 ·4 
10.6 
I 3·3 
'3·9 
170 
28.7 
9·3 
12 . 2 
Nor thwe t 
8.9 
7·4 
r.s 
1.2 
4 ·3 
26.4 
roB 
20.4 
3·7 
4·8 
*The foll owing numbe rs of li vestock are considered one animal unit: 1 cow, 2 young 
cattle, 5 hogs, 10 pigs, 7 sheep, 14 lambs, 100 chickens . 
The kind and amount of livestock on the fa rms studied is shown 
in T able 4· The farms studied in the southern part of the state are 
livestock fa rms. In southeastern Minnesota dairy cattle are the most 
important livestock, with hogs ranking econd. Beef cattle predomi-
nate in southwestern Minnesota, with hogs fo ll owing closely as a 
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source of income. About 90 per cent of the cash income is derived 
from the sales of livestock and livestock products on the dairy farms 
and approximately 8o per cent on the beef cattle and hog farms. The 
sales of livestock and livestock products furnish less than half of the 
total cash income on the small-grain farms of northwestern :Minnesota. 
POWER SUPPLY ON FARMS STUDIED 
Tractors 
A total of 3I4 tractors is included in this study: I05 in south-
eastern, 87 in the southwestern, and 122 in the northwestern part of 
the state. 
None of the farmers interviewed in southeastern Minnesota had 
more than one tractor, in southwestern Minnesota one farmer had two 
tractors, and in northwestern Minnesota r 5 per cent of the operators 
had more than one tractor. 
No consistent relationship seems to exist between the size of farm 
and the size of tractor used. Table 5 shows a smaller percentage of 
two-plow tractors in the northwest where the farms are larger. On 
the other hand, the relationship between the two-plow and three-plow 
tractors is about the same in the other two sections of the state with 
a decided difference in the size of farms in the two areas. Apparently 
the type of farming is an important factor in determining the size 
of the tractor. In northwestern Minnesota the combination of large 
fields and relatively large farms encourages the use of large imple-
ments and thus creates the need for a large power unit to pull them. 
Table 5 
Size of Farms, Size of Fields, and NU!Inber and Size of Tractors ' 
Southeast Southwest 
Average size of farms, acres ..... . 2I4 294 
Average size of fields, acres ..... . 14 22 
Number of tractors ............. . 87 
Two-plow tractors, per cent ...... . 54 
Three-plow tractors, per cent ..... . 45 
Tractors larger than three-plow, per 
cent ............ · ............. . 
Northwest 
ss6 
37 
!22 
28 
6s 
All areas 
355 
24 
314 
42 
54 
4 
Most of the tractors studied were the standard wheel type. Seven 
of the 314 were general purpose tractors. Five of these were found 
in the southwest and one in each of the other two areas. "Only one 
was of the track-laying type. 
Table 6 gives the age distribution of all tractors included in the 
study. Over half were less than four years old. There seems to 
be an abrupt drop in the number of tractors about five years old but 
little change after that. This indicates that many tractors are disposed 
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of at about that age. The figures in the table also indicate that most 
of the tractors that are not disposed of then are used for another 
five years or longer. In this connection it should be noted that some 
marked improvements in tractors were made about five years before 
the survey was taken. It is probable that many tractors were ex-
changed for new ones about that time, and that obsolescence was an 
important factor influencing this condition. 
Table 6 
Age of Tractors Studied 
Years 
2 or less 
3 and 4 
5 and 6 
7 and 8 
9 and Io ................. . 
Over Io ................. . 
Tractors of different ages, per cent 
Southeast Southwest Northwest All areas 
31 36 40 36 
28 3I 3I 30 
II 15 8 II 
II 6 
I6 IO II 
8 
Seventy-nine per cent of all of the tractors were purchased new. 
In northwestern Minnesota the tendency to buy used tractors seems 
to be more marked than in the other two areas. Here only 73 per 
cent were purchased new. In southwestern Minnesota 8r per cent 
were purchased new, and in southeastern Minnesota 85 per cent. 
The average age of all second-hand tractors at time of purchase by the 
present owners was 4.6 years. 
Horses 
The number of work horses per farm is shown in Table 7· The 
tractor and horses together constitute the available drawbar power. 
Altho these two forms of power are quite different in many respects 
they have some characteristics in common. It is desirable to make a 
comparison of the two for purposes of determining the total available 
drawbar power on farms that have both tractor and horses. As will 
be shown later, the useful available power of a two-plow tractor for 
such ordinary heavy field work as plowing and clisking is approxi-
mately equivalent to that of 7 horses; the three-plow tractor will do 
an amount of work that would require about ro horses. It is assumed 
that the average horse will develop one horse power. vVith these units 
as a basis of comparison, the total drawbar power per farm is shown 
in Table 7, computed. The average for all farms in the study is r6.2 
horse power, and the average number of horses per farm is 7·3· The 
tractor drawbar power per farm is about the same in all areas. 
The number of horses per farm bears a relation to the size of 
farm but is not in direct proportion, so the smaller farms have a rela-
tively larger quantity of power than the larger ones. This is shown 
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by the number of acres per drawbar horse power (Table 7). These 
figures indicate a higher efficiency in the use of drawbar power on the 
larger farms than on the smaller ones. It must be remembered, how-
ever, that because of the more intensive type of livestock farming 
in these areas, a larger number of horse power hours are required per 
acre in southeastern and southwestern :Minnesota than in the north-
west. A certain amount of belt work is also necessary on livestock 
farms. It is questionable, on the other hand, if these factors are of 
sufficient importance to justify all of the difference in the available 
povver per acre in the different areas. Doubtless, the difference in farm 
size is an important factor. 
Table 7 
Total Drawbar Power per Farm on Farms Studied 
Southeast Southwest Northwest 
Acres per farm . . . . . . . . . . . . . . . . . 2 I4.0 294-0 ss6.o 
Work horses per farm .......... 6.0 7-0 8.6 
Tractor drawbar power per farm, 
horse power .................. 8.6 8.4 9·6 
Total drawbar power per farm, 
horse power 
... ··········· .... 
14.6 15·4 18.2 
Acres per draw bar horse power .. 14-7 19. I 29·9 
All areas 
355-0 
7·3 
~-9 
16.2 
21.9 
The larger farm allows a more extensive use of the tractor than 
the smaller one. Table 13 indicates that farmers in northwestern i\Iin-
nesota are sori1ewhat more inclined to use the tractor for operations 
that have usually been considered as horse work. Seeding grain and 
operating the binder are two examples. A larger percentage of them 
also use the tractor for harrowing. These facts suggest that farmers in 
southern i'vfinnesota might do well to consider the possibility of per-
forming a larger number of operations with the tractor, thus making 
it possible to dispose of more horses and reducing the total power cost 
on the farm. 
Trucks and Automobiles 
Some information with regard to the number of automobiles and 
trucks on the farms studied is given in Table 8. Almost every farm 
has either a truck or a passenger car or both. Trucks are found on a 
third of the farms. Trucks are less numerous in the southwestern 
district than in the other two locations. Most of these farmers have 
only one passenger car, but it is interesting to note that 22 per cent 
have two passenger cars and 3 per cent have more than two. In many 
cases the family automobile is used for light hauling as well as for 
pleasure. 
Numerous makes of automobiles are represented. 
l2rger proportion Js cars that sell for less than $r,ooo. 
By far the 
Thirty-three 
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per cent of the cars were two years old or less when the survey was 
made; 41 per cent were five years old or less. 
Table 8 
Trucks and Automobiles on Farms Studied 
South- South· North- Per cent 
east west west All of total 
Farms without automobile or truck ... 0 0 2 
Farms with truck . . . . . . . . . . . . . . . . . . 42 I4 39 95 33 
Farms with one automobile .......... 72 62 79 2I3 73 
Farms with two automobiles ......... 3I 20 I2 63 22 
Farms with three or more automobiles 4 8 
Stationary Gasoline Engines and Electric Motors 
The number of farms that are equipped with gasoline engines and 
those that have electric motors are shown in Table 9· The number 
of farms having one, two, or more of each of the two forms of power 
is also given. Over so per cent of the farms studied have one gasoline 
engine and r8.2 per cent have two. There is at least one gasoline engine 
on 74 per cent of the farms. 
Electric motors are not so numerous as gasoline engines. A larger 
percentage of farms on which electric power is used, however, have two, 
three, or more motors. One of the desirable characteristics of electric 
power is that it may be had in relatively small units. It is readily 
distributed to almost any point on the farmstead or any farm building. 
It is not necessary to group all of the appliances to be operated with 
electric power around one line shaft operated by an individual power 
unit. Electric motors are obtainable in numerous sizes and the cost 
of getting work done is not increased appreciably by having a rela-
tively large number of small units. 
Table g 
Number of Farms Having Stationary Gasoline Engines and Electric Motors 
Number of farms 
Percentage 
of farms 
Southeast Southwest Northwest All areas 
Number of units Gaso· Elec- Gaso- Elec- Gaso- Elec- Gaso- Elec-
line tric line tric lin.:: tric line tric 
engines motors engines motors engines motors engines motors 
.............. 55 8 "6 5 49 6 51.5 6.5 
2 ............... I6 I6 22 I 3 I 5 18.2 I0.3 
. . . . . . . . . . . . . . . I9 0 5 2-7 9-0 
4 
··············· 
0 0 '-4 2·.0 
5 
··············· 
0 0 0 0.~ 1.0 
6 . . . . . . . . . . . . . . . 0 0 0 0 0.0 0.4 
Total 
·········· 
75 5 I 68 IS 73 16 74-2 29.2 
Electric power was found on 29.2 per cent of the farms visited. 
Electric energy from central stations is being made available to farms 
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at a rapid rate, and it is likely that this percentage will be increased 
considerably in the near future. 
Table IO shows the operations that are performed by gasoline engines 
and by electric power; also the number of farms reporting each opera-
tion. It is evident that these two forms of power are direct competitors. 
As will be shown in Table 13, the tractor is used for such operations 
as filling the silo, grinding feed, shelling corn, and sawing wood. 
The stationary gasoline engine doubtless was used to furnish power 
for such work on many farms before the tractor was used. It would 
be practical to use the tractor for some of the operations, such as 
shelling corn and sawing wood, that are now being performed by the 
stationary gasoline engine and the electric motor. In the main, how-
ever, there is not much possibility of profitably increasing the tractor 
work by the operations for which the smaller power units are now used. 
Table ro 
Operations for Which Stationary Gasoline Engines and Electric Motors Are 
Used and Number of Farms Reporting Each Operation 
Number of farn;s 
Percentag~ 
of farms 
Southeast Southwest Northwest All areas 
Operation Gaso- Elec· Gaso- Elec· Gaso- Elec· Gaso- Elec· 
line tric line tric line tric line tric 
engines motors engines motors engines motors engines motors 
Pumping ............. 45 30 49 8 4I 10 40,5 I 6.5 
\Vashing .............. 14 35 24 IJ 22 20.6 Ig.6 
Separating cream ...... I J 34 4 7 4 ].6 I 5-5 
Grain cleaning ........ II s 45 21.0 4-5 
Feed grinding ......... IJ S-5 2, I 
Sharpening tools ...... 2· !.4 2.7 
Milking .............. J 5 23 4 6.2 10.0 
Sawing wood .......... 0 6 5·5 !.0 
Elevating grain ....... IO 4 2I I2.0 I.7 
Shelling corn .......... 6 0 0 2.7 O.J 
Generating electricity 2.4 
The electric motor is relatively new in comparison with the gasoline 
engine. It is rapidly replacing it for such machines as the milking 
machine, the cream separator, the washing machine,· and the pump. 
Doubtless one important reason why the gasoline engine is used for 
pumping water on more than 46 per cent of the far;11s is because it was 
used for that purpose before electricity became available, and the pres-
ent resale value of a gasoline engine is very small. Many of them 
probably will be replaced with electric motors after they are worn out. 
The gasoline engine is still in greater demand than the electric motor 
for such work as sawing wood and elevating grain, probably because it 
may be moved about freely without any consideration of the accessi-
bility of the source of energy. 
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One important reason for replacing the stationary gasoline engine 
with the electric motor for many operations is to build up the load and 
thus to decrease the cost per unit quantity of energy. As the stationary 
gasoline engine furnishes only belt power, the electric motor will usually 
replace it entirely, thus eliminating the overhead cost. It is highly 
desirable to do as much work as possible with electric energy where 
it is obtained from a central station because the cost per unit quantity 
consumed decreases as the consumption increases. 
WORK DONE BY TRACTORS 
Hours of Use Annually 
The range in number of hours of use annually per tractor is shown 
111 Table I I. A wide variation in the number of hours a tractor is 
used annually occurs among different farms and different localities. 
In gei1eral the larger the farm the more work there is for the tractor 
to do. Some farmers secure a fuller utilization of their tractor by 
doing custom work. The extent to which custom work is clone and 
the receipts per farm from this source are shovvn in Table I2. 
The data show that the tractors on the farms of smallest size are 
used least for custom work. There are more tractors per I .ooo acres 
of land in crops in southeastern ::\Iinnesota and hence less work per 
tractor. Then, too, these farms are heavily stocked and the operator 
is less able to get away from the home brm than if he had no live-
stock demanding frequent and regular attention. l\Iost of the custom 
work is belt work. The farmer without a tractor does his field work 
with horses but hires his neighbor's tractor for belt operations. 
Table II 
Range in Hours of Use Annually per Tractor 
Number of tractors in group 
Group South ast Southwest Northwest All areas 
Hours 
Under 100 
100·199 
200-299 
300·399 
400·499 
500-599 
Goo-609 
700·799 
Soo-899 
900·999 
--
32 
26 
8 
II 
0 
II 
I3 
23 
IO 
9 
1 ,ooo and ovet· . . . . . . . . . . . . . . 1 
Hours of tractor nse annually 
lHaximum ................... . 
lvlinimum ................. . 
J\verage ..................... . 
939 
30 
Jl I 
1,020 
~ II 
IJ ~6 
IS 6o 
rS 67 
14 32 
19 39 
IJ 23 
s I3 
5 
IO II 
2,615 2,6I5 
so 30 
522 417 
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Table 1 2 
Custom Work Done with Tractors on Farms Studied 
All 
a r..! aS 
Percentage of farms reporting custom drawbar 
work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 24 28 ·~ Percentage of farms reporting custom belt work . . 45 so s6 so 
Percentage of farms repo rting custom work wilh 
tractor (all work) . ..... . ... . ....... . . .... 49 ss 66 57 
P ercen tage of total drawbar work that is custom 
work 
····················· ······ 
8 4 
P ercentage of total belt work tha t is custom work 24 67 49 47 
P e rcentage of all tractor work that is cu tom work II 23 14 16 
A verage receipts per farm for custom drawbar work 
for farms reporting* ........... . . ........ $52 $ 160 $ 177 $ 133 
Average receipts per farm for custom belt work 
for farms reporting• 
··· · ·················· 
•s6 6Jt 419 397 
Average rece ipts per farm for all custom work* .. t 66 6to 426 404 
* Tl1e rece ipts for custom work include a wage for any labor furni shed with the 
tractor and a rent for any machin ery furni hed by the tractor owner,. as well as a pay-
ment for the tractor power itself. 
Operations for Which Tractors Are Used 
The operation for which tractors are u ed are shown 111 Table 
I3, together with the number of farms on which the tractors are used 
for each of the operations listed and the average number of hours of 
such work per fa rm. P lowing is by far the most important drawbar 
operation, constituting 62 per cent of all drawbar work. Other opera-
t ions of seedbed preparation make up an additional 23 per cent. few 
farmers used tractors for eeding small grain and cultivating corn. 
Harve ting operations make up II per cent of the drawbar work and 
2 per cent of the miscellaneous work. The mi cellaneou work includes 
mowing, raking, and hauling hay; hauling bund les; hauling manure; 
planting, spraying, cultivating, and digging potatoes; ditchi ng; exca-
vating ; and similar operations. 
Fig. 8. T1uesbing Grain with Tractor !'ower 
Threshing was s6 per cent of all belt work done on th e fa rms studi ed. S mall outfits 
li ke thi s can be opera ted with a omparatively small crew and make it poss ible for th e farmer 
to do hi s threshin g when most convenient. Outside custom threshin g ma y be an add itional 
so urce of income for the tracto r-owning farm er. 
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Table 13 
Operations for Which Tractors Were Used, Number of Farms R;eporting 
Each Operation, and Average Hours Annually for Farms Reporting 
Southeast Sou~hwest Northwest All areas 
Per- Per- Per- Per-
Operations cent- Hours cent- !:-lours cent- Hours cent- Hours 
age of per age of per age of per age of per 
farms farm farms farm farms farm farms farm 
Drawbar work 
Plowing 
······················ 
98 IJO 95 164 99 319 99 205 
Disking ...................... 46 38 Co 81 54 74 54 66 
Spring-tooth harrowing 
········ 
84 so 24 33 46 94 54 6o 
Harrowing 
··················· 
13 IS 29 26 34 35 25 28 
Seeding ...................... 15 85 5 8s 
Harv. sting, binder ............ 17 34 41 48 so 84 36 63 
Harvesting, windrower and com· 
bine 
······················· 
262 2 262 
Cultivating corn 
·············· 
166 166 
Picking corn 
·················· 
54 24 95 9 87 
Miscellaneous ................. 25 II 13 19 29 6o 23 33 
Total drawbar work, average 98 206 100 287 100 so6 99 346 
Total drawbar work, maximum 538 885 2,340 .2,340 
Total drawbar work-, minimum 0 25 0 () 
Belt work 
Threshing 
···················· 
33 67 44 145 53 180 44 138 
Silo filling 
···················· 
74 27 20 31 20 26 40 28 
Corn shredding 
··············· 
45 46 2 21 10 17 44 
Feed grinding 
················· 
74 54 43 31 55 59 59 so 
Wood sawing ................. 39 11 26 22 19 13 29 IS 
Corn shelling 
················· 
26 61 8 61 
Miscellaneous 
················· 
2 205 3 4 10 2 72 
Total belt work, average g8 llJ 76 144 8o 169 Ss 127 
Total belt work, maximum ... 450 470 s68 568 
Total belt work, minimum ... 0 0 0 0 
Total tractor work, average .. 100 31 I 100 J80 100 637 100 450 
Total tractor work, maximum 793 I,JSS 2,615 2,615 
Total tractor work, minimum 30 8o 59 30 
Half of all belt work done by these tractors was threshing, but the 
importance of this operation varies in different parts of the state. 
Only 20 per cent of the belt work in southeastern j'vfinnesota was thresh-
ing, 6o per cent in the southwestern part of the state, and 70 per cent in 
the northwestern part. Twenty-five per cent of all belt work was feed 
grinding, but this varied from 39 per cent of the total in the southeastern 
section to 13 per cent in the southwestern. Silo filling and corn shred-
ding were important operations in the southeastern section but of little 
importance elsewhere. Corn shelling was second in importance to thresh-
ing in southwestern Minnesota. 
Rate of Performance 
The average rate at which these tractors performed the operations 
for which they were commonly used is shown in Table 14. Averages 
for both 2-plow and 3-plow tractors are given. Rates are shown for 
the various sizes of implements most commonly used. There was. 
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considerable variation between different farms in the rate at which this 
work vvas done. Size of farm, condition of soil, yield of crops, and 
similar factors were responsible for this variation. The usual rate of 
travel for the heavier operations, such as plowing, disking, and spring-
tooth harrowing was 20 miles per hour. For lighter work, as harrow-
ing or windrowing, the tractor often was speeded up considerably 
beyond this rate. No information is available as to whether the corn 
cultivation reported includes the first cultivation or only later cultiva-
tions. It is hardly likely that corn could be cultivated at this rate 
the first time over, but a slower first cultivation may be offset by 
speeding up the tractor for the later cultivations. 
Table 14 
Average Acres Covered per Hour by 2-Plow and 3-Plow Tractors for 
Different Operations and with Different Sizes of Implements 
Operation 
Plowing 
Disking 
Acres per hour 
Size of implement 2-plow 3-plow 
tractor tractor 
2 14-inch bottoms . . . . . . . . . . . . . . . . 0.7 
3 z 4-inch bottoms ............... . 
~-foot disk ..................... . 
1o-foot U.is.k ..................... . 
2.4 
2.8 
1.0 
3·0 
3· 5 
Spring-tooth harrowing 8-foot spring-tooth harrow 2. I 
2.6 
Harrowing 
Seeding 
Harvesting 
Cultivating corn 
Picking corn 
ro-foot spring-tooth hat-row ....... . 
12-foot spring-tooth harrow ....... . 
zo-foot spike-tooth harrow ........ . 
z6-foot spike-tooth harrow ........ . 
Jo-foot drill ..................... . 
1 2-foot drill ..................... . 
7-foot binder ................... . 
8-foot binder ................... . 
IO-foot binder ................... . 
2 8-foot bind.:rs ................. . 
1 2-foot windrowcr-;.:- .............. . 
1 6-foot windrowc:r ............... . 
8-ioot comhine->-:· (power take-off) .. 
ro-foot combine (auxiliary engine) 
12-fuot combine (auxiliary engine) . 
16-foot combine (auxiliary engine) . 
2-row culti\'ator ................. . 
x-row pick.:r .................... . 
2-row picker ............ . 
6.I 
7-9 
2.8 
2. I 
2.4 
3-0 
J.8 
s.o 
2.5 
2.0 
o.S 
l.J 
2.9 
3-4 
6.7 
8.8 
4·0 
2.2 
2.5 
.). I 
4-2 
2. I 
*Data for windrowcr and combine taken from n.Iinn. Agr. Expt. Sta. Bull. 266. Too 
few windrowers and com1>ines were used 011 the tractor farms surveyed to form an adequate 
basis for a rate for these operat~ons. 
No rate of performance of belt operations is given. The machines 
used as well as the conditions under which they were operated varied 
so widely that an average rate would have little significance. Some of 
the belt work, such as threshing and silo filling, vvas done during 
the rush of the crop season; other work, such as feed grinding and 
wood-sawing, was done largely during slack periods, especially in 
winter. As a result the tractor is not likely to be run at nearly as 
uniform a share of its capacity in doing belt work as in drawbar work. 
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FACTORS OF TRACTOR COST 
The urvey upon wh ich thi tudy i based covered 291 farms on 
which 314 tractors were u ed. ome of these were tractors of an obso-
lete type and used only ccas iona ll y and for special operations. In 
order to eliminate the e, no tractors used le s than roo hours per yea r 
are included in thi s discussion o f tractor co t. inety-six per cent of 
the tractor on the farms tudied are of th e ize usuall y classed as 
either "two-rlow" or "three-plow." there are too few of the 
larger tz to furnish an adequate basis for d termining co t , all 
size la rger than· the three-plow tractor have been omitted . In a few 
case the cost item fo r tractor of different sizes on the ame farm 
were combined in uch a way as to make impo ible an accurate epara-
tion. In other ca es obviou discrepancie in the data have made it 
Fig. 9· Grinding Feed with Tractor Power 
More of the tractors studied were used for grinding feed than for any other belt 
op(. ration. The steady increase of livc!s tock makes an increasing demand for ground feed. 
The trac tor ow ner ma y ave time and expense by grinding his own feed and may also 
derive some addition al revenu e from custom work. 
nece sa ry to eli ·card c rtain record . In the fo ll owino- di cu ion of 
factor of co t, the data covering 121 two-plow tract r and I.p three-
plow tracto t· ar use 1. Forty-£ ur of the two-plow tractors were 
n-;odel cutTe'ltly manuf acturecl at the time of the urvey and 77 were 
models that had been eli continued by th manufacturer. Of the 
three-plow tractors, 7 were urrent model and 6-t were obsolete. 
As there was no ignificant d iffer nee in fa to r o f co t between the 
cutT nt and ob olete model exce1 l that re ulting from aae, the two 
m del have been combined in tuclying the co t factor . T he data 
from the th rc different ctions f the tate have a l o be n combined 
in mo t of the cost eli cu ton, a tyr e of fanning affect unit cost 
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of tractor operation largely through the amount of tractor work avail-
able and the nature of the operations to be performed. These points 
will be given separate consideration later. 
Fuel and Oil 
Forty-nine per cent of the fuel used in the tractors studied was 
gasoline, 44 per cent was kerosene and 7 per cent was distillate. Thirty-
nine per cent of the operators used gasoline exclusively, Io per cent 
used about equal quantities • of gasoline and kerosene, and the rest 
used gasoline only for starting. The last group used one gallon of 
gasoline to approximately 25 gallons of kerosene or distillate. The 
average fuel consumption per hour of the two-plow tractors was 1.92 
gallons and of the three-plow, 2.54 gallons. There was no difference 
in the fuel consumption per hour between the tractors using gasoline 
exclusively and those using kerosene or distillate. The price paid 
for gasoline ranged from I3 cents to 20 cents per gallon; of kerosene 
from I I cents to I6 cents, and of distillate from 8 cents to 9 cents. 
The average prices paid were I6,Y:; cents for gasoline, I30 cents for 
kerosene, and 8,Y:; cents for distillate. The average price of all fuel 
was I 5 cents per gallon. In order to eliminate differences in cost of 
tractor operation due to differences in the price paid for fuel, the costs 
of operating each tractor have been computed on the basis of the aver-
age price of fuel for all tractors. 
The average consumption of cylinder oil was 0.09 gallons per hour 
for the two-plow tractors and O.I2 gallons per hour for the three-plow 
tractors. The average price paid for cylinder oil was 70 cents per 
gallon. This price has been used in computing the cost of oil for 
all tractors. The average expenditure for other oils and greases was 
one cent per hour for both two-plow and three-plow tractors. 
Repairs 
The annual cost of repairs varied widely. Some of the causes for 
variations will be discussed later. The average cash expenditure for 
repairs per hour of operation for both the two-plow and three-plow 
tractors was 6 cents. This includes both the purchase of parts and 
:any expert labor hired to repair or overhaul the tractor. In addition 
to this cash expense for repairs, the farmer spends some time daily 
in servicing his tractor and in many cases does all or part of the repair-
ing and overhauling. The average time so spent was o. I I hours of 
man labor per hour. In other words, the operators spent one hour in 
servicing and repairing the tractor for every nine hours of tractor 
-operation. This labor is charged at the rate of 30 cents per hour, the 
.average rate paid hired men on the farms studied. 
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Depreciation and Interest 
The annual depreciation charge is based on two factors, the pur-
chase price and the estimated working life. The average purchase price 
of the two-plow tractors included in this study was $776. The price 
varied from $430 to $1,300. The average purchase price of tractors 
of a type discontinued before this study was made was $718 and of 
current models $973· The large percentage of Fordsons in the group 
of obsolete models accounts for the low purchase price in that group. 
Other obsolete models were higher in price than the current models 
of the same rating. The average purchase price of the three-plow 
tractors was $1,335; the range was from $8oo to $2,400. The average 
price was $IAI9 for the obsolete models and $r,265 for the current 
models. Seventy-nine per cent of the tractors studied were purchased 
as new machines by the present operators. In order to put all machines 
on a comparable basis, the purchase price used in computing the aver-
ages just quoted was the original price of the machine and not the 
price paid for the used machine by the present operator. 
The wide variation in price is due to several factors. Tractors 
of the same rating are priced differently by different manufacturers. 
The price of the same make and model varies among different dealers 
and even for the same dealer with different purchasers. Seventy per 
cent of the tractors studied were bought for cash (including trade-ins) 
and 30 per cent were bought on time. The usual time allowed was r8 
months. A discount of from 7 to 8 per cent for cash was commonly 
reported. Another important factor accounting for the variation in 
purchase prices is the year in which the tractor was purchased. The 
machines studied were purchased over a period ranging from 1916 to 
1928. Tractor prices have fluctuated widely during this period. 
The age of the tractors varied from one to 13 years. The average 
age of the two-plow tractors was 4.6 years and of the three-plow, 4.8 
years. Each operator was asked to estimate the probable life of his 
tractor. More than half had had previous tractors and some had been 
using them for 20 years. The average time of tractor experience per 
operator was 8 years. Their estimates of probable life, based on their 
experience and judgment, varied widely but the average was r r years. 
This average includes some tractors used only for belt work and then 
only for a comparatively few hours a year. For the tractors in general 
use, the average was approximately ro years. Estimates of the prob-
able life of tractors adjusted according to hours of use have been 
deduced from the answers received from the operators and are pre-
sented in Table r 5· The annual depreciation charge is obtained by 
dividing the purchase price of the tractor by the years of service, indi-
cated by the annual hours of use. 
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Table 15 
Probable Life of Tractors Adjusted According to Annual Hours of Use 
Annual use, 
hours 
Estimated life, 
years 
U11der 200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 
200•349 • · ........ · · .••..... ·..•.•.....•.....•... I I 
350-499 · · • • • • · · • • • · • • • • • • • · · · • • • • • · •••.••.• ·. ·.. 10 
soo-699 • . . • . . . • • • • • . . • • • • • • • . . . • . • • • . . . . . . • • . • . . 9 
700·999 . . . . • • . • . . • . • • . . . . . . . . . . • • • • • . . . . . . . • . • • • 8 
I .ooo and over . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Interest has been charged at 8 per cent on the average investment 
in the tractor.11 This was the prevailing rate on unpaid balances on 
tractors bought on time. 
Miscellaneous Cost Items 
In addition to the costs already discussed, there are a number of 
minor cost items that have not been included in this study. These 
include shelter charges, taxes, and insurance. Many of the tractors 
studied were not sheltered and for those that were housed the cost 
was minor. No adequate basis for an allocation of taxes and insurance 
to the tractor was available. As at most these charges would amount 
to only a few cents per hour of operation,, they have been omitted. 
SUMMARY AND ANALYSIS OF COSTS 
Average Cost per Hour of Tractor Operation 
The average cost per hour of operating both 2-plow and 3-plow 
tractors included in this study is shown in Table I6. The comparison 
between the average costs for the two sizes may be somewhat mis-
leading, as the larger tractors were used more hours per year and 
hence have relatively lower fixed charges per hour. If both sets of 
cost figures are adjusted to the average annual use for the two groups, 
437 hours, the costs per hour would be 71 cents and $I.oo, respectively. 
It has been noted that the purchase price of current models of 2-plow 
tractors is higher than the average price used and that of the 3-plow 
tractors lower. If. the costs are computed on the basis of the purchase 
price of current models and the same number of hours of use annually 
as in the previous comparison, the costs would be 74 cents and 98 
cents, respectively. 
The items of tractor cost have been divided into two classes for 
the purpose of this study. The first group is operating costs. It 
includes the cost elements-fuel, lubricants, and repairs-which vary 
11 The average investment was determined according to the formula: Average annual 
first cost X (years of service + I) 
investment = years of service X z 
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more or less directly with the use of the tractor. With the exception 
of the charge for repairing and servicing done by the farmer or mem-
bers of his family, the operating costs represent direct cash outlay. 
The other group is called fixed charges. They are computed on an 
annual basis and the charge per hour varies widely with the annual 
hours of use. Altho the annual depreciation is modified according to 
the use, it is by no means directly proportional to the use. The interest 
charge is entirely on an annual basis. These fixed charges also differ 
from operating costs in that they do not represent current cash expendi-
ture. Still the purchase price of the tractor and the interest charge, 
at least interest on a tractor note, are in the long run just as real items 
of cost as are the current expenditures for fuel and oil. The relative 
importance of these two classes of costs for any particular tractor varies 
with the number of hours of annual use. The more hours a tractor is 
used per year the greater will be the share of operating costs of the 
total cost per hour. 
Table 16 
Average Cost per Hour of Tractor Operation 
z-plow tractors 3-plow tractors 
Base Data 
Purchase price . . . . . . . . . . . . . . . . . . . $776 
Estimated life) years . . . . . . . . . . . . . . 10 
Hours worked annually . . . . . . . . . . 396 
Fuel, gallons . . . . . . . . . . . . . . . . . . . . . 1.92 
Cylinder oil. gallons . . . . . . . . . . . . . . o.o9 
Man labor, hours . . . . . . . . . . . . . . . . o. I I 
Calculated Costs 
Operating costs: 
Fuel at I 5 cents per gallon 
Cylinder oil at 70 cents per gallon 
Other oils and greases ......... . 
Total lubricants ............. . 
Cash repairs .................. . 
Labor at 30 cents per hour ..... . 
Total repairs and servicing .. . 
Total operating costs ...... . 
Fixed .charges: 
Depreciation (ro-year life) ..... . 
Interest at 8 per cent ......... . 
Total fixed charges .......... . 
Total costs per hour ....... . 
$o.o6 
0.01 
o.o6 
O.OJ 
$0.29 
O.OJ 
o.og 
$0.45 
0.20 
o.og 
o.zg 
$0.74 
$1,33 5 
IO 
478 
2.54 
0.12 
0. I I 
$o.o8 
o.or 
o.o6 
0.03 
$0.38 
0.09 
o.og 
0.28 
0.12 
Tractor Costs for Specific Farm Operations 
$o.56 
0,40 
$0-96 
Fuel is the only item of tractor cost that varied materially on an hour 
basis, according to the nature of the work. Certain operations and 
certain implements require much more power than others. The varia-
tion in fuel consumption for both 2-plow and 3-plow tractors is shown 
in Table 17 for different operations and different sizes of implements. 
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The figures on fuel consumption give a rough measure of the relative 
power demands of different operations. The tractor is used most 
nearly to capacity at such operations as plowing, disking, and spring-
tooth harrowing but such implements as the spike-tooth harrow and the 
-grain binder utilize only part of the tractor's power capacity. 
Table 17 
Average Hourly Fuel Consumption of Tractors for Different Drawbar 
Operations and with Different Sizes of Implements 
Operation Size and kind of implement 
Plowing 2 I 4·inch bottoms ................. . 
3 14-inch bottoms ................. . 
Disking 8-foot disk ....................... . 
xo-foot disk ....................... . 
Spring-tooth harrowing 8-foot spring-tooth harrow ......... . 
1 o-foot spring-tooth harrow ......... . 
I z-foot spring-tooth harrow ......... . 
Harrowing 20-foot spike-tooth harrow .......... . 
z6-foot spike-tooth harrow .......... . 
Seeding xo-foot drill ....................... . 
Harvesting 
Cultivating corn 
Picking corn 
12-foot drill ....................... -. 
7-foot binder ..................... . 
8-foot binder ..................... . 
I o-foot binder ..... - ............... . 
2 8-foot binders ................... . 
1 z~foot windrower ................. . 
z6-foot wind rower ................. . 
8-foot combine with power take-off .. 
to-foot combine with auxiliary engine 
tz-foot combine with auxiliary engine . 
t6·foot combine with auxiliary engine . 
z·row cultivator .................. . 
2-plow 
tractors 
2-plow 
tractors 
gal. gal. 
2.05 
I.90 
2.!8 
1.95 
2.24 
I. 54 
t.64 
x.8s 
I. 55 
J.64 
2.10 
I. 50 
2.64 
2.25 
2.61 
2.26 
2.60 
2.22 
2.36 
2-54 
2. IO 
2.20 
2.42 
2·.71 
2.5 I 
2.6o 
3· IO 
1.70 2.07 r.·row picker 
z·row picker . . . . . . . . . . . . . . . . . . . . . . . 2.03 z.so 
--------
The cost of tractor power per acre for different drawbar operations 
with implements of different sizes is shown in Table r8. These costs 
are computed from the data presented in Tables 14, r6, and 17. The 
fuel cost per hour is computed from Table 17. All costs except fuel 
are taken from Table r6. The sum of these two items is divided by 
the acres per hour as shown in Table 14 in order to get the cost per 
acre. One significant fact brought out in this table is that there is 
little difference in tractor cost per acre between two- and three-plow 
tractors at operations such as plowing, disking, and spring-tooth har-
rowing where both sizes are used approximately at full capacity. On 
the other hand, the larger tractor is at a disadvantage in case of such 
operations as harrowing and cutting grain with a binder. For these 
operations, the smaller tractor is used more nearly to its optimum 
capacity than the larger one. It is also apparent from these data that 
the larger the implement pulled by a tractor of a given size, provided, 
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of course, that the draft of the implement does not exceed the capacity 
of the tractor, the lower will be the cost per acre. The utilization of 
the full capacity of a tractor is an important factor in its economical 
operation, as will be discussed later. 
Table 18 
Average Tractor Cost per Acre of Different Drawbar Operations with 
Different Sizes of Implements 
Operation 
Plowing 
Disking 
Spring-tooth harrowing 
Harrowing 
Seeding 
Harvesting 
Cultivating corn 
Picking corn 
Size and kind of implement 
2 14-inch bottoms ............ . 
3 I 4-inch bottoms ................ . 
8-foot disk ...................... . 
ro-foot disk ...................... . 
8-foot spring-tooth harrow · ......... . 
1 o-foot spring-tooth harrow ......... . 
rz-foot spring-tooth harrow ......... . 
zo-foot spike-tooth harrow ......... . 
26-foot spike-tboth harrow ......... . 
ro-foot drill ...................... . 
r 2-foot drill ...................... . 
7-foot binder .................... . 
8-foot binder .................... . 
1 a-foot binder .................... . 
2 8-foot binders ................. . 
2-plow 
tractors 
$I.09 
0.31 
o.z8 
o.Js 
0.30 
0.12 
o.og 
0.25 
0.32 
0.29 
0.24 
r z-foot windrower . . . . . . . . . . . . . . . . . o. r 8 
r 6-foot windt·ower ................ . 
8-foot combine with power take-off .. 
1 o-foot combine with auxiliary engine. 
r z-foot combine with auxiliary engine. 
I 6-foot combine with auxiliary engine. 
2-row cultivator .................. . 
I-ro'v picker ..................... . 
2-row picker ..................... . 
0.14 
O.JI 
0-34 
o.89 
o.ss 
3-plow 
tractors 
0.32 
0.29 
O.I4 
0. I I 
0.24 
0.4I 
0.36 
O.JO 
0.24 
O.JI 
0.26 
The fuel consumption per hour as well as the total tractor cost 
per hour for the common belt operations is shown in Table 19. All 
costs other than fuel are taken directly from Table r6. To these have 
been added the cost of the quantity of fuel shown in this table at the 
average price paid, r 5 cents per gallon, and the sum is the total tractor 
cost per hour. The fuel consumption data give some indication of the 
relative extent to which the use of the tractor at different belt opera-
tions approaches the full utilization of its capacity. They do not, 
however, indicate this as accurately as do the data for the drawbar 
operations, as information concerning the size of implement as well 
as the rate of output are lacking. Still it is apparent that threshing 
requires considerably more power than the other belt operations. No 
comparison between the relative economy of two-plow and three-plow 
tractors for the same operation is possible, as no rate of output is 
given. 
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Table rg 
Fuel Consumption and Total Tractor Costs per Hour for Belt Operations 
Gallons fuel per hour Total cost per hour 
Operation z-plow 3-plow 
Tbreshing ... , , ................ , 2.25 2.8J $0.79 $r.oo 
Filling silo .................... . I.g6 2.J8 0.74 0.94 
Grinding feed .................. . 1.78 z.oz 0.72 0.88 
Shelling corn .................. . 1.70 r.So O.JI o.8s 
Shredding corn ................ . 1.58 1.92 o.6g o.87 
Sawing wood .................. . 1.56 2.00 0.68 0.88 
Factors Influencing Cost 
This study brought out a wide range in the cost per hour of tractor 
operation among different farms. The cost of 2-plow tractors ranged 
from 40 cents to $r ·96 per hour and of 3-·plow tractors from 56 cents 
to $3.56 per hour. One of the factors causing this variation is the 
kind of work for which the tractor is used. This has already been con-
sidered under the discussion of the cost of performing specific opera-
tions. In general, the more nearly to capacity the tractor is used the 
higher is the cost per hour. On the other hand, the cost per unit of 
work performed is usually less when the potential power of the tractor 
is being fully utilized. 
One of the most important factors affecting the cost per hour of 
tractor work is the number of hours that the tractor is used annually. 
This has already been noted in the discussion of operating costs and 
fixed charges. The total operating costs vary almost directly with the 
amount of use, but the fixed charges, being computed either wholly 
or in part on an annual basis, are in a large measure independent of 
the amount of annual use. The operating costs per hour are, there-
fore, practically constant, whereas the fixed charges per hour decrease 
as the annual hours of use increase. This is illustrated in Table 20. 
Interest decreases more rapidly than depreciation with increasing an-
nual use, as it is computed entirely on an annual basis and is inde-
pendent of use. With only roo hours of annual use, the fixed charges 
constitute 69 per c<;nt and 75 per cent of the total cost per hour for 
the 2-plow and 3-plow tractors, respectively. With r,200 hours of 
use per year, these percentages drop to 2r per cent and 27 per cent. 
The effect of increasing annual use is shown in Figure ro. Up to 
400 hours per year the costs decrease rapidly. Beyond this point the 
rate of decrease is fairly gradual. The decrease between roo and 400 
hours is 72 cents and $r.2r for the two sizes of tractors and only r5 
cents and 27 cents respectively between 400 hours and r,2oo hours. 
The tractor operator may well give much attention to securing a fuller 
utilization of his tractor as a means of cost reduction up to 400 hours 
of work annually. Beyond that point, the amount of annual use 
becomes increasingly less important in its effect on costs. 
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HOUii!S WORKED ANNUALLY 
Fig. 10. Relation of Hours Worked Annually per Tractor to Total Cost per Hour 
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The cost per hour of tractor work decreases rapidly as the hours of annual use increase 
up to about 400 or soo hours. Beyond that point additional use affects the cost per hour 
comparatively little. 
The interest and depreciation charge per hour also vary with the 
purchase price of the tractor. The effect of purchase price on cost per 
hour is shown in Table 21. 
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Table 20 
Relation of Hours Worked Annually to Cost per Hour of 
Tractor Work 
2-plow tractor 3-plow tractor 
Hours Fixed charges Fixed charges 
worked Oper- Total Oper- --------- Total 
annually ating Inter- Depre- cost ating Inter- Depre- cost 
cost est ciation Total cost est ciation Total 
100 $0.45 $0.34 $o.65 $0.99 $1.44 $o. 56 $o.58 $I. II $1.69 $2.25 
zoo 0-45 0.17 0-35 0.$2 0-97 o.56 0-29 o.61 0-90 I-46 
JOO 0-45 0. I I 0.24 0-35 o.8o o.56 0.19 0.40 0-59 I. I 5 
400 0-45 o.o8 o. 19 0.27 0.72 o.56 0.15 O.JJ 0-48 l-04 
500 0-45 0.07 0.17 0.24 o.69 o. 56 0.12 O.JO 0-42 0.98 
6oa 0.45 o.o6 0.14 0.20 o.65 o.56 0.10 o.zs o.35 o.gt 
700 0-45 o.os 0.14 o. 19 0.64 o.56 o.og 0.24 0-33 0-89 
8oa 0-45 0.04 0.12 0.16 o.6r o.56 o.o8 0.21 0.29 a.ss 
900 0-45 0.04 o. 12 0.16 o.6r o.56 0.07 0.19 0.26 o.8z 
r,ooo 0-45 0.04 0.11 0. I 5 'o.Go o.56 o.o6 0.19 0.25 o.8r 
I,IOO 0-45 o.OJ 0.10 O.IJ 0.58 o.56 o.a6 0.17 0.2J 0-79 
r,zoo 0.45 O.OJ o.og 0.12 0.57 o.56 o.os a.r6 0.21 D-77 
In Table 21 an average life of 10 years is assumed and the hour 
costs are computed on the basis of the average annual hours of use, 
shown in Table 16. It is apparent that keeping down the purchase 
price is an important factor in reducing the charges for tractor use. 
Table zr 
Effect of Variations in the Purchase Price of a Tractor on Charges per 
Hour for Interest amd Depreciation 
Price range 
Lowest price 
Average price .. . 
Highest price ... . 
z-plov·.· tractor 
Purchase Interest and 
price depreciation 
$ 430 
776 
I,JOO 
$o. r6 
-0.29 
0-47 
3-plow tractor 
Purchase Interest and 
price depreciation 
$ 8oo 
1,335 
2,400 
$0.24 
0.40 
0.72 
Another factor affecting the cost of tractor operation is the age 
of the tractor. The cost of lubricants and repairs is less for the 
newer tractors. This is indicated in Table 22. The lowest costs are 
incurred during the first two years; after four years the lubrication 
costs were fairly constant. Repair costs increased fairly regularly up 
to the fourth year. After that they were quite irregular but averaged 
much higher than for the earlier years. It should be remembered that 
while the cost of lubricants and repairs are increasing with age, the 
value of the tractor itself is decreasing through depreciation; hence 
the interest charge is less. The average interest charge per hour for 
the first two years for a 2-plow tractor is I 5 cents; for the tenth 
year it is only 2 cents. Corresponding figures for the 3-plow tractor 
are 2I cents and 2 cents. The increase in the cost of lubricants and 
repairs is approximately offset by the decreasing interest. 
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Ta.ble ~2 
Effect of Age of Tracto!l" on Cost per Hour of Lubricants and Repairs 
2-plow tractors 3-plow tractors 
Age of tractor, 
years Lubricants Repairs Total Lubricants Repairs Total 
1·2 ...... $o.os $0.04 $o.og $0.07 $0.03 $o.zo 
3•4 ...... 0.08 o.o8 0.16 o.og o. 10 0.19 
Over 4 .. o.og 0.14 0.23 0.11 0.15 0.26 
This study brought out no significant differences in fuel cost per 
hour between tractors of different ages. Even when compared for the 
single operation of plowing., for which the power demand would be 
more uniform than might be expected of the average, no difference in 
fuel efficiency due to age was noted. The new tractors consumed 
slightly more fuel per hour but plowed more land per hour. The fuel 
cost per acre was practically constant for all ages of tractors. There 
was, however, a considerable variation in fuel costs owing to differ-
ences in fuel used and in the price paid by different operators. The 
fuel cost per hour with different kinds of fuel, charged at the average 
price at which they were purchased for the tractors studied, is shown 
in Table 23. The prices for the different fuels are gas r6~ cents, 
kerosene 13~ cents, and distillate 8~ cents. The amount of fuel used 
per hour is 1.92 gallons for 2-plow tractors and 2.54 gallons for 3-plow 
tractors, the average fuel consumption shown in Table r6. An allow-
ance of one gallon of gasoline to every 20 gallons of total fuel is made 
in case of both kerosene and distillate, as gasoline is required for 
starting tractors that operate with low-test fuel. The substitution of 
kerosene for gasoline reduces the fuel cost per hour by nearly one-
fifth and the substitution of distillate practically cuts it in half. The 
use of low-grade fuel is a matter of considerable economy in case of 
any tractor that will operate satisfactorily with it. 
Table 23 
Variations in Tractor Fuel Costs per Hour Due to Kind of Fuel Used 
Kind of fuel 2-plo..,v tractor 
All gasoline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $0.32 
5 per cent gasoline and 95 per cent kerosene . . . . . . o.z6 
5 per cent gasoline and 95 per cent distillate . . . . . . 0.17 
3-plow tractor 
$0.42 
0.35 
0.2J 
The price paid for fuel accounts for some variation in costs of 
tractor operation. As already noted, the price paid for gasoline used 
in the tractors studied varied from 13 to 20 cents per gallon and of 
kerosene from II to r6 cents per gallon. On the basis of average fuel 
consumption this would make a difference of from 25 to 38 cents an 
hour for the 2-plow tractors in case of gasoline and of from 2 r to 
31 cents per hour for kerosene. Corresponding ranges for the 3-plow 
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tractor are 33 to sr cents and 28 to 41 cents, respectively, for gasoline 
and kerosene. 
EFFECT OF THE TRACTOR ON FARM ORGANIZATION 
The addition of a tractor to the equipment of a farm involves far 
more than a mere substitution of mechanical power for animal power. 
In the great majority of cases, when a tractor is purchased for the first 
time for farm use, the farm is already organized for operation by 
horse power. The machines are designed for horse use. The crops and 
livestock are adjusted to the labor supply of the farm under horse 
operation. The crops grown provide feed for sufficient horses to 
handle the farm work. The addition of the tractor involves numerous 
adjustments in the size of farm, the field arrangement, the cropping 
system-especially in regard to feed crops, cultural practices, amount 0 
and kind of livestock raised, the labor organization, the number of 
work horses., and the machine equipment of the farm. Unless these 
adjustments are carefully considered and carried out, the tractor may 
add to the operating expense of the farm without a corresponding 
increase in the income. Each farmer interviewed was asked what 
adjustments in farm organization he had made since purchasing his 
tractor. In some cases they had begun farming with a tractor, so it 
was impossible to get a record of changes. However, most of the men 
had some experience on the same farm without a tractor and the adjust-
ments in their farm organization are discussed in the following pages. 
Size of Farm 
The majority of the farmers interviewed increased the size of their 
farms, or at least the acreage of crops raised, since the purchase of 
their first tractor. The extent of this increase is indicated in Table 24. 
Most of the increase came through the renting of additional land. The 
new land brought under cultivation was either native pasture or mead-
ows that were broken, wet land that was drained, or wood and brush 
land that was cleared. Three farmers reported that they dropped small 
areas of crop land· out of cultivation which, on account of topography 
and irregularity, was not adapted to tractor operation. 
Table 24 
Change in Size of Farm and Acres Under Cultivation 
Since Purchase of a Tractor 
Number 
farms 
Per cent 
Average acreage 
of total Farms 
farms reporting All farms 
Bought additional land . . . . . . . . . . . . . . I 9 6.5 l-'J.2 9~ 5 
Rented additional land . 0 •••• 0 • • • • • • • 88 30.2 181 55·0 
J0.6 51 I 5·5 Brought new land into cultivation . . . . 89 ------------------------~ 
Total ...... 0 0 •••• 0 •••••••••• 0. 196 67.~ 118 So.o 
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Farm Layout 
The changes in farm layout in order better to adapt the farm to 
tractor use were few in comparison with changes in size. Twelve per 
cent of the operators reported that they had combined smaller fields 
in order to have fields large enough for economical tractor operation. 
Fifteen per cent reported changes in the shape of their fields. Long 
regular fields make possible effective tractor use. Three per cent of 
the operators reported clearing,, stoning, or draining the land in order 
to straighten fields, remove obstacles, and make the land better adapted 
to tractor tillage. 
Cropping System 
No marked change in cropping systems as the result of the purchase 
of a tractor was reported. As most of these farms were livestock 
farms, the crops grown were largely feed crops. Any decrease in the 
demand for feed resulting from a decrease in work horses was offset 
by an increase in productive livestock that consumed the feed formerly 
going to the work horses. The principal change was in seedbed prep-
aration. Most farmers reported that the tractor enabled them to work 
their land more thoroly than they had been doing with horses. 
Livestock 
Table 25 
Increase in Animal Units* of Productive Livestock 
Since the Purchase of a Tractor 
No. animal units 
per farm.< Percentage 
of change 
Before on farms 
pnrchas~ Now studied 
Dairy cows ................. . g.8 IO.J 4-51 
Beef cows .................. . 2.5 1.8 27.81 
Other dairy cattle ............. . 3·9 4·3 I 1.2t 
Other beef cattle .............. . I.5 1.6 3-81 
Percentage 
in state 
1921-291 
J.2t 
t 
-----------------------------
Total cattle .............. . 17-7 1S.o I.6t -;.6 
Sheep ........................ . I. I 1.9 7I.Ot sg.zt 
Swine ........................ . 1.4 I..) S.St 49.21 
Poultry ....................... . 1.2 1.3 7--~t t 
Total productive livestock .. 21.4 22.7 6.ot z.gt§ 
·x- One cow, 2 head other cattle, 7 sheep, hogs, or 100 chickens are considered 
animal unit. 
an 
t Based on numbers of livestock on :Minnesota farms as reported in U.S. Dept. of Agr. 
Yearbooks for 1921 and 1930. 
t Data not available for the state. 
§Not including chickens~no state figures a\'ailable for 1921. 
Some increase in numbers of productive livestock maintained after 
the tractors were purchased was reported by the fanners interviewed. 
The amount of increase is shown in Table 25. The rate of increase 
in livestock for the state as a whole is also given for comparison. An 
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eight-year period is adopted because eight years was the average time 
tractors had been used by the farmers reporting. Altho the rate of 
increase of productive livestock on the farms studied was more rapid 
than for the state as a whole, the acreage of these farms had been in-
creased approximately 25 per cent since the tractor was purchased. 
Some farmers said that the use of the tractor reduced the amount of 
time spent on horses and speeded up field operations to such an extent 
that they had more time for handling productive livestock. The data 
obtained in this study indicate that any time saved through the use of the 
tractor was used to handle more acres of crops rather than to care for 
any considerable increase in productive livestock. Apparently the trac-
tor did not greatly affect the livestock organization. 
Labor 
One of the important changes in the farm organization resulting 
from the introduction of the tractor is the adjustment in the labor sup-
ply and its utilization. Each tractor operator was asked whether he 
was hiring more or less labor since the purchase of the tractor and 
whether he was using more or less family labor. The answers are 
summarized in Table 26. 
Table 26 
Changes in Farm Labor Supply After the Purchase of a Tractor 
Hired less labor ................. . 
Hired more labor ................ . 
Used less family labor ........... . 
Farms reporting 
Number Percentage 
I Jl 
20 
45-0 
O.J 
7-0 
Average days per farm 
Farms 
reporting All farms 
140 
JOO 
71 
Used more family labor .......... _. ________________ o__ 
N ct decrease in clays of labor 
used. per farm ............ . 
Forty-five per cent of all operators hired less labor after purchasing 
the tractor and only one man, who rented an additional r6o acres of 
land, hired more. There was some decrease in the amount of family 
labor used. A net saving of 67 days of labor was effected in spite of 
the fact that the acres per farm had been increased about 25 per cent 
and the livestock 6 per cent. 
This saving of labor seems high in view of the fact that the average 
number of days of tractor drawbar work per year was only 346 per farm. 
At most tractor operations, the saving of man labor does not exceed so 
per cent of the same work performed by horses. This saving is 
in line with the results of similar studies in other states. Myers12 
reports a saving of 2-4 months of man labor on general farms where 
tractors are used 295 hours per year for drawbar work. Tolley and 
12 Myers, W. I. An Economic Study of Farm Tractors in New York. Cornell (N. Y.) 
Agr. Expt. Sta. Bull. 405, p. 103. 1921. 
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Church13 report a saving of 66 days per year when tractors were used 
35 to 40 days. Gross and Waller14 report a saving of 4·5 months by 
tractors used for 230 hours of field work and 5·8 months when the 
tractors were used 345 hours in the field. Gilbere5 found a reduction 
of 4.8 months of man labor on general farms using tractors 305 hours 
for drawbar work. Altho there may be a tendency on the part of some 
farmers to overestimate the saYing in man labor resulting from the use 
of the tractor, the consistency with which these different studies report 
a larger saving than could be effected directly by substituting the tractor 
for horses for the field operations indicates that there must be in addi-
tion some indirect labor economies. The use of the tractor by speeding 
up the work may make it possible to perform operations at the most 
opportune time and thus reduce the number of operations necessary. 
It is also possible that considerable time may be saved in working the 
more distant parts of the farm. The tractor can be left in the field 
and the fanner, using his automobile to make the trips back and forth, 
can save the time that would be required to drive the teams to and 
from the barn. A saving is possible also in using the t;:actor for belt 
work. The farmer with his own tractor may perform this work at a 
time that fits into his labor program to best advantage. The livestock 
farmer often saves considerable time by grinding his own grain rather 
than hauling it to a custom mill and either waiting his turn or making a 
second trip to get the feed. These indirect savings of labor are of 
considerable importance. 
Table 27 
Change in the Length of the Work Day and of the Field Day 
Since the Purchase of a Tractor 
Change reported 
Shorter work day 
Longer work day 
Net average decrease in work 
day ................... . 
Shorter field day .............. . 
Longer fi cld day .............. . 
Farms reporting 
Number Percentage 
106 
31 
27 
128 
9-3 
44-0 
Average hours per day 
Farms 
reporting All farms 
0.90 0.34 
1.90 0.16 
o.r8 
1.6o 0. I4 
l.jO 0.73 ------------------------~--Net increase in field day .. 0.59 
In addition to changes in the number of clays of labor used on the 
farm after the purchase of the tractor, changes in the length of the 
work day and of the field clay were reported. These are shown in 
Table 27. More farmers report a shorter working day than report a 
"Tolley, H. R. and Church, L. M. Tractors on Southern Farms. U. S. Dept. of Agr_ 
Farmers' Bull. 12}8, p. 19. 1922. 
u Gross, E. R. and Waller, A. G. Tractor Fanning in New Jersey. N. J. Agr. ExpL 
Sta. Bull. 386, p. 22. 1923. 
"Gilbl'rt, C. V. An Economic Study of Tractors on New York Farms. Cornell (N. Y.) 
Agr. Expt. Sta. Bull. so6, p. s6. 1929. 
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longer one, but those reporting a longer day report a greater change. 
When the reports are averaged for the group they indicate little change 
in the length of work day. It is possible to put in as long a work day 
with a tractor as the operator wishes and on a number of farms some 
night work was done. Usually in such cases a shift of drivers enables 
the farmer to get full use of his tractor without overworking himself 
or his worker . 
Many of the tractor operators report a longer work clay in the field 
than was po sible with horses. The time formerly spent caring for the 
work horses can be spent in the field. Some farmers work less hours 
in the field as they are able to accomplish more in the same length of 
time than they could have done with horses and the time saved IS 
either used for other tasks, such as care of livestock, or for leisure. 
Fig. 1 r. Cultivating Corn with a General-Purpose Tractor 
General-purpose tractors are made to plant and culti vate two, three, or four rows of 
corn or other row crop at a time. The planter is attached to the tractor or drawn behind 
it and a cultivator taking the same number of rows as the planter is attached to the 
tractor. In most instances this equipment may be readily attached and detached to make 
the tractor available for other work. 
Some comparisons showing the saving in man labor when perform-
ing certain fi eld operations with a tractor over that by horse power is 
shown in Table 28. The amount of man labor per acre has been obtained 
from detailed farm account studies conducted by the Division of Agri-
cultural Economics,, of the Minnesota Agricultural Experiment Station, 
covering the three regions of the state where the tractor records were 
obtained. The labor expenditures used are standards16 representing 
the accomplishment of farmers ranking well above the average in labor 
efficiency. The sizes of implements and teams are those most com-
10 Pond, G. A. A Study of D airy Farm Organization in Southeastern Minnesota. 
Minn. Agr. Expt. Sta. T ech. Bull. 44, p. 42. 1926. 
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monly used by the farmers who used their labor most effectively. 
It is recognized that by the use of larger implements and of 6-, 8-, 10-, 
or 12-horse teams the man labor for horse operation might be reduced 
to a basis comparable with that of the tractor. These comparisons 
are based, however, on the horse power units in common use in the 
areas studied rather than on the exceptional practice. The amount 
of man labor per acre for performing the specified operations with 
tractors is computed .from the data presented in Table 14. The size 
of tractor most commonly used was chosen for this comparison. In 
general, the 2-plow tractors effect an average saving of at least one-
fourth in man labor as compared with horse operation and the 3-
plow tractors a saving of nearly half. In evaluating the comparisons 
for disking, one should note that a single disk is used with horses and 
a tandem disk with the tractor. If the work of a tandem disk is as-
sumed to be equal to 2 single diskings, the savings for the 2-plow and 
3-plow tractors would be s8 per cent and 70 per cent, respectively' 
Fig. 1 2 . T ractor Binder in Operation 
P ower for the cutting and bindi ng mechanism is tran £erred directly from the tractor 
engine to th e binder by means of the power t ake-off shaft. With machinery designed for 
power take-off operation, tractor power is especiall y desirable f or operating such equipment 
as the grain binder, mower, corn picker, and potato digger. 
instead of the 16 per cent and 42 per cent shown. In these comparisons, 
only time actually spent in the field or going to and from the field is 
considered. T here may also be some additional saving in man labor 
in that the daily servicing of the tractor did not require as much time 
as ordinarily would be spent daily in caring for a four- or five-horse 
team. This labor is computed on the basis of a comparison between 
the largest ize of horse hitch in common use in the areas studied and 
the two sizes of tractors for which records were obtained. Much of this 
saving might be effected by the use of eight-, ten-, and twelve-horse 
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hitches. On the smaller farms., especially in southeastern Minne-
sota, that might not be practicable because the limited crop acreage 
would not furnish sufficient employment to utilize the services of so 
many horses advantageously. On the larger farms of western and 
northwestern Minnesota, the large multiple hitches might be entirely 
practicable but no data are available from this study to indicate the 
relative economy of such hitches as compared with tractors as a source 
of power. 
Table 28 
Compariso.n of Amount of Man Labor Used per Acre in Performing Field 
Operations with Horses, 2-Plow Tractors, and 3-Plow Tractors 
Saving 
over 
Size and kind of implement Power used Hours horse 
per acre operation, 
per cent 
Plowing 2 14·in. bottom gang plow 5 horses ........... 2.00 
2 14-in. bottom gang plow 2-plow tractor ...... 1.43 28.5 
3 14-in. bottom gang plow 3-plow tractor ...... I.OO 50,0 
Disking 8-ft. single disk 4 horses ........... o.so 
8-ft. tandem disk 2-plow tractor ...... 0.42 16.o 
1o-ft. tandem disk 3-plow tractor ...... 0.29 42-0 
Spring-tooth 7-ft. spring-tooth harrow 4 horses ........... o.6o 
harrowing 8-ft. spring-tooth harrow z.-plow tractor ...... 0.48 20.0 
1o-ft. spring-tooth harrow 3-plow trac~or 
······ 
O.J4 43·3 
Harrowing 22-ft. spike-tooth harrow 4 horses ........... 0.20 
26-ft. spike-tooth harrow 2-plow tractor ...... 0-13 35-0 
26-ft. spike-tooth harrow 3-plow tractor ...... 0.1 I 45·0 
Seeding 10-ft. drill 4 horses ........... o.so 
1o-ft. drill 2-plow tractor 
······ 
0.36 28.o 
14-ft. drill 3-plow tractor ...... 0.25 so.o 
Cutting grain 8-ft. binder 4 horses . . . . . . . . . . . 0.75 
1o-ft. binder, power take-off 2-plow tractor 0.3J s6.o 
1o-ft. binder, power take-off 3-plow tractor ...... 0.32 57·4 
Cultivating corn 2-row cultivator 4 horses 
··········· 
0.70 
2-row cultivator 2-plow tractor o.so 28.6 
Other Power Costs 
One of the most direct adjustments in the farm organization result-
ing from the. introduction of the tractor is a reduction in the number 
of work horses. The decrease in work horses on the farms studied 
is shown in Table 29. The average decrease per farm was 1.9 head, 
or 21 per cent. As the acreage per farm and the amount of productive 
·livestock maintained has been increased, this figure hardly gives an 
adequate picture of the actual reduction. Each farmer was asked how 
many work horses would be required to operate his farm under the 
present organization without a tractor. The reduction on this basis 
was 3.6 horses per farm, or 33.6 per cent. The possible reduction was 
greatest on the larger farms in the small grain section in the north-
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western part of the state. At the time of this study, tractors had not 
come into general use in cultivating corn in the corn growing section 
in southwestern Minnesota. The use of the tractor for this purpose 
would make possible further reduction of work horses. As the price 
of horses has been declining during most of the time since these farm-
ers purchased their tractors 17 it is possible that more horses are main-
tained on these farms at the present time than would be the case if 
horses could be sold more advantageously. The relation between crop 
acreage and the number of horses per farm displaced by tractors is 
shown in Table 30. 
Table 29 
Reduction in Number of Work Horses per Farm Following the 
Purchase of a Tractor 
Southeast Southwest Northwest All areas 
Work horses per iarm before purchase of tractor 7-5 9.0 ro.g 9·' 
Work horses per farm now 
·················· 
5·9 6.8 8.5 7. I 
Actual decrease in number of work horses r.6 2.2 2.4 2.0 
Percentage decrease in number of work horses 21.3 2-1·5 22.0 22.0 
Work horses needed for present organization 
without tractors ....................... 8.I 9·3 14-5 10.7 
Potential decrease in number of work horses, 
present organization 
··················· 
2.2 2.5 6.o 3·6 
Percentage decrease in work horses, present 
organization ........................... 27-2 26.9 4!.4 33-6 
The displacement of horses by tractors is very closely proportionate 
to the crop acreage. For every additional 74 acres in crops, approxi-
mately one less horse is needed after the tractor is purchased. The 
relation is fairly constant regardless of the size of the farm. 
Table 30 
Relation of Crop Acreage per Farm to Number of 
Horses Displaced by Tractors 
Work horses per farm 
Crop acreages 
No. needed 
Group Average No. of farms At present without Displaced 
tra::tor by tractor 
Under roo 79 24 4-3 5·3 I.O 
100-199 r~s ro8 5-5 7.6 z..r 
200-299 2-J.S 79 7-2 IO.I 2-9 
300·399 336 34 8.2 I 2.6 4 .. ~ 
400·499 442 IS l 0.2 r6.3 6.1 
500 and o·vcr 772 zS 11.7 22.6 xo.g 
All farms z68 291 7·' 10.7 3·6 
Crop 
acres per 
horse 
displactd 
79 
69 
84 
76 
72 
7I 
74 
In addition to reducing the number of work horses per farm after 
purchasing the tractor, most fanners reported a reduction in cost of 
feed for the horses retained. The average reduction was 20 per cent 
17 Yearbook of the U. S. Dept. of Agr., 1930, Table 435, p. 895. 
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of grain and I I per cent of hay per horse. On the other hand, an 
increase of 29 per cent in pasture days is reported. Apparently the 
tractor is used for the heavier op-erations. The horses are used more 
largely for lighter work, require less hay and grain, and can utili ze 
more pasture. 
It might be expected that with. tractors used fo r the heavier work 
and the horses fed less and spending more time in the pasture that the 
amount of man labor spent in caring for a work horse would be less. 
These farmers reported exactly the same number of hours per horse 
daily as before the purchase of the tractor. It is probably true that 
each horse actually received less attention than before. However, there 
are certain operations, such as feeding, for which the total time spent 
would be changed very little by a change of two or even three in the 
Fig. I J . Diskin g and Ha rrow ing in One Operation 
The tractor should be loaded to its optimum capacity for most economical operation. 
This may be done by suppl ying an implement of sufficient size to pro vide this load or by 
combining two or more different kinds of impl ements and per£orming more than one opera-
tion at a time. The latter method has real poss ibiliti es on the average farm where the use 
of large scale eq uipment is ,impractical. 
number fed. The charge per horse would therefore increase and tend 
to offset any decrease due to less time spent harnessing or currying 
horses or that the horses were in pasture more of the time and hence 
received attention .fewer days. 
The tractor operators were asked regarding changes in the age, 
working life, weight, and value of their horses since purchasing a 
tractor. A summary of their answers is presented in Table 3 r. The 
I6.5 per cent increase in the age of horses has little significance, as 
the average age of all horses on farms has been increasing during the 
same period 1 8 It seems reasonable to assume that with a tractor for 
the heaviest work, it might be possible to get along with older horses 
for the lighter work but these figures do not support that assumption 
conclusively. They do, however., indicate that more years of service 
1B Cavert, W . L. Sources of P ower on Minnesota F a rms. Minn. Agr. E xpt. Sta. 
Bull. z6z, p. 17. 1930. 
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may be expected of the same horse if the tractor carries the burden of 
the heavy work. It might also be assumed that lighter horses would 
answer the purpose on a farm where a tractor is used, but such did not 
prove the case on these farms. The lower value of horses on hand 
now as compared with those used before the tractor was purchased 
has no significance, as the period covered is one of declining horse 
prices, as has already been noted, and the increasing age alone would 
account for most of the difference.19 
Table 3I 
Average Changes in the Age, Working Life, Weight, and Value per Head of 
Work Horses on Farms Since the Purchase of a Tractor 
Change since 
Before After purchase of tractor 
purchase purchase 
of tractor of tractor Amount Percentage 
Average age of work horses, years ........ 9·7 11.3 +r.6 16. 5 
Average working life of work horses, years '4·4 r6.6 +2.2 I 5·3 
Average weight of work horses, pounds 1,376 1,376 0 
Average value per head of work horses .... $102 $94 -$8.oo -7.8 
It is difficult to compute exactly the reduction in cost of maintain-
ing work horses due to the substitution of the tractor for horse power 
since most of the factors that make up the horse costs in :i'dinnesota 
are furnished by the farm and do not represent direct cash outlay. 
Itis, however, possible to apply market prices to these factors and arrive 
at their alternative market value. The average amounts of feed per 
head for work horses, as found in detailed accounting studies,Z0 cover-
ing the same three sections of the state as were covered in the survey 
are 3,200 pounds of grain, 5,200 pounds of hay, and s6 clays of pasture. 
The average state price21 of the oats and corn for the period of the 
tractor survey, April r, 1928, to March 31, 1929, were 42 cents and 
77 cents, respectively. The corresponding price22 of timothy hay was 
$ro.6o per ton. Unpublished data from these studies indicate that the 
usual charge for pasture in these areas is 5 cents per horse per day. 
A statement of the annual cost of feed for a work horse on the basis 
of these quantities of feed and these prices is shown in Table 32. 
The cost is also shown vvith a reduction in the quantity of hay and grain 
and the increase in the use of pasture that was reported when the 
19 Cavert, W. L. Sources of Power on 1VIinnesota Farms. l\1inn. Agr. Expt. Sta. Bull. 
262, p: '7· 1930. 
"Pond, G. A. A Study of Dairy Farm Organization in Southeastern Minnesota. 
Minn. Agr. Expt. Sta. Tech. Bull. 44, p. 92. 1926. 
Pond, G. A. and Tapp, ]. vV. A Study of Farm Organization in Southwestern Min-
nesota. Minn. Agr. Expt. Sta. Bull. 205, p. 64. 1923. 
Sallee, G. A., Pond, G. A., and Ruud, C. 0. A Preliminary Report of Livestock Costs 
and Returns. Farm Accounting Route, Polk County, p. 9· I 928. 
21 Crops and 1VIarkets, val. 6 and 7, monthly farm price reports. 
22 Ibid. 
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tractor was used. It is assumed that the grain fed is one half oats 
and one half corn. ln addition to having less horses to feed when a 
tractor is used, there is a reduction of $ro.77 in the cost of feeding 
each of the remaining horses. 
Table 32 
Comparison of Feed Cost per Work Horse Before and Since the 
Purchase of a Tractor 
(Based on average Minnesota prices of feed, April r, 1928-March 31, 1929) 
\:Vithout tractor With tractor 
Kind and price of feed 
Amount Value Amount Value 
Oats at 42 cents per bushel. lb. . .... . 1,6oo $2I.OO 1,280 $r6.8o 
Corn at 77 cents per bushel, lb ...... . r,6oo 22.00 1,280 17.60 
Hay at $ro.6o per ton. lb ............ . 5,200 27.56 4,628 24-53 
Pasture at 5 cents per day, days ..... . 56 2.80 72 3.6o 
--------------------------------------
Total feed cost ............... . $n36 $62.53 
Reduction after purchase of tractor ... . $ro.83 
Another saving in horse costs is a reduction in the time spent caring 
for the horses resulting from the decrease in number. The same 
studies from which the data on feeds were obtained indicate an average 
of 86 hours of man labor annually per horse. If valued at 30 cents 
per hour, the rate used previously in this study., the labor charge per 
year for caring for a horse would be $25.80. Some reduction in depre-
ciation on horses results from the decrease in number and also from 
the longer working life. If we assume the average value of a work 
horse to be $rii 23 at three years of age, the beginning of its working 
life, the average annual depreciation would be $7.7I if no tractor is 
used and $6.69 if a tractor is used. The average annual interest charge 
at 6 per cent on $94, the average value of horses now on farms, would 
be $5.64. Other charges, such as taxes, insurance, and shelter, might 
be reduced with the reduction of number of work horses. The first 
two are, however, minor items. The shelter charge may be of more 
importance but once the shelter is provided, a reduction in the number 
of horses does not eliminate it, altho it may be shifted to some other 
class of livestock. · A summary of the reductions in horse costs effected 
by use of the tractor is shown in Table 33· 
On the basis of these computations, the use of a tractor makes 
possible a reduction of $489. I7 in the items of horse costs specified. 
Obviously, the amount of this reduction differs widely between farms 
because of differences in size that affect both the possible number of 
horses that can be displaced by the tractor and the number still needed. 
Cost reductions computed on this basis for each of the groups shown 
in Table 30 are presented in Table 34· 
" Caver!, 'vV. L. Sources of Power on Minnesota Farms. Minn. Agr. Expt. Sta. Bull. 
262, p. 19. 1930. 
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Table 33 
Average Annual Reduction in Specified Items of Estimated Horse Costs 
Made Possible by the Use of the Tractor on Farms Studied 
Items 
Decrease in feed charge 
Total decrease in feed charge 
Decrease in labor charge .•••••.• 
Decrease in depreciation charge .. 
Decrease in interest charge ..... . 
3.6 horses displaced at $73.36 
7.I horses retained at I0.83 
3.6 horses displaced at 
3.6 horses displaced at 
7.1 horses retained at 
3.6 horses displaced at 
25.80 
7-7I 
1.02 
5.64 
Total 
deduction 
$264. IO 
76.89 
$340-99 
92.88 
27-76 
7-24 
20-30 
The larger the crop acreage the larger is the number of horses that 
can be displaced and also a greater reduction in horse costs is possible. 
The total reduction in horse costs averages approximately $r36 for 
each horse displaced but varies between the different size groups. Part 
of this $r36 is the cost of maintaining the horse displaced and part is 
the saving in the cost of maintaining the horses retained. The total 
cost of feed, labor., interest, and depreciation for a work horse on a 
farm operated with animals, as shown in this study, was $r r2.5r. The 
farmers interviewed estimated that their costs were $r r.85 per head less 
when the tractor was used. The total reduction of $r36 is a combina-
tion of these two factors. 
Table 34 
Average Annual Reduction in Specified Items of Estimated Horse Costs 
Made Possible by the Use of a Tractor on Farms of Different Sizes 
(Based on feed prices, April I, I 928 to March 31, 1929) 
Crop acres per farm Reduction in items of cost 
Group Average Feed Labor Depreciation Interest Total 
Und:r 100 79 $119,93 $25.80 $12.I8 $ 5.64 $163.47 
100·199 qs 213.63 54-•8 21.80 I 1.84 24i -27 
200-299 245 290-72 74-82 29-70 I6.36 411.60 
300·399 336 411.59 I 13.52 42·.28 24-82 592.2 I 
400·499 442 557-97 157-38 57-43 34-40 807.18 
sao and over 772 926.33 281.22 34-40 6!.48 r,J6s.oo 
All farms 268 $340·99 $92.88 $35-00 $20.30 $489.17 
Another important factor affecting the reduction in horse costs is 
the price of feeds and labor, and the depreciation of horses. The data 
presented in Table 34 have been recomputed on the basis of Minne-
sota farm prices for February, 1931,24 and are shown in Tal:Jle 35· 
The prices are as follows : Oats, 24 cents per bushel ; corn, 46 cents 
per bushel; hay, $9.00 per ton; three-year-old work horses, $91; aver-
age value of all work horses on farms in the state, $77; and man labor, 
20 cents per hour. The value of three-year-old work horses was com-
puted from the value of all work horses on the assumption that the 
"Crops and Markets, Vol. 8, No. 3, pp. 90·92-. March, 1931. 
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relation between these two prices would be the same as during the 
previous period. The rate of man labor was reduced in line with de-
creases in farm wages. This use of present prices (February, 1931) 
results in a decrease of approximately 30 per cent in the reduction 
as compared with that computed on the basis of the prices in effect 
during the period of the study. The lo·wer the price of feeds, horses, 
and other elements of cost of horse work the less will be the saving 
effected by the substitution of tractor power for animal power unless 
there is a proportionate reduction in the cost of tractor power. 
Table 35 
Average Annual Reduction in Specified Items of Estimated Horse Costs 
Made Possible by Use of a Tractor on Farms of Different Sizes 
(Based on February, I931, feed prices) 
Crop acres per farm Reduction in items of cost 
Group Average Feed LaLor Depreciation Interest Total 
llnder IOO 79 $ 80.67 $I7.20 $ 9-93 $ 4-62 $112.42 
100-199 L~S 145-32 36.I2 I 7.89 9-70 209.03 
200·299 245 197-99 49-88 24-38 13-40 z85.65 
J00-399 33G z81.82 75-68 34-70 20-33 4I2.S3 
400·499 4:2 382.7 3 IO-f-92 4 7• I 2 28. IS 562--95 
sao and over 772 639-40 '187-48 78.72 50.36 955-96 
All farms z68 $233-24 $6I.92 $28.71 $I6.63 $340.50 
The reduction of horse costs as the result of tractor use, computed 
for different prices of oats, corn, and hay is presented in Table 36. 
As decreases in feed costs comprise more than two-thirds of the reduc-
tion in horse costs shown in Tables 32, 33, and 35, and as the other 
items are relatively more constant, only reduction in the cost of grain 
and hay is shown. 
Table 36 
Reduction in Annual Cost of Hay and Grain for Work Horses Made Possible 
by Use of Tractor, Computed for Different Prices for 
Oats, Corn, and Hay 
Oats Corn Hay 
Reduction Reduction Rcdnctioll 
Price ------~-- Price Price 
per Per Pc·r per Per Per per Per Per 
hushol horse horse bushel horse horse ton horse horse 
displaced t·etained displaced retained displaced retained 
$0.20 $Io.oo $2.00 $0.30 $ K.57 $1.71 $ 6.oo $Is.M $1.72 
.zs !2.50 2.50 -40 11.43 2.29 7.00 I 8.20 2.00 
.JO I 5.00 J.OO .so q .. 29 2.80 8.oo 20.80 2.29 
-35 17 .so 3-50 .6o 17.14 3-4-l g.oo 2J.40 2-57 
.40 zo.oo 4.00 -70 20.00 ..J..OO 10.01) z6.oo 2.86 
-45 zz.so 4-50 .So 22.86 4-57 I 1.00 28.Go J. I 5 
o.so 2.).00 s.oo o.go 25-71 5·'4 ] 2•,00 31.20 3-43 
For example, a farmer may be operating his farm with 8 horses. 
The use of a tractor may make it possible to reduce the number of 
horses to 5- vVith oats at 20 cents, corn at 30 cents, and hay at $6.oo, 
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the reduction in feed cost would be $102.51 for the 3 horses displaced 
and for the remaining 5 horses of $27.15, a total reduction of $129.66. 
(3 X $ro.oo) + (3 X $8.57) + (3 X $rs.6o) = $ro2.5r 
(S X $2.oo) + (S X $I.7r) + (3 X $r.72) = $27.15 
$129.66 
With oats at 35 cents, corn at 70 cents, and hay at $12, the savings 
would be as follows: 
(3 X $17.50) + (3 X $2o.oo) + (3 X $3r.20) = $2o6.ro 
(S X $3.so) + (S X $4.oo) + (S X $3.43) = $54.65 
$260.75 
The reduction in feed costs would be twice as great with the second 
set of prices as with the first. In the same way the data in Table 36 
can be used to compute the possible saving with any given numbers of 
horses displaced and retained and with any combination of feed prices. 
These data may be used by a farmer who is considering the purchase 
of a tractor. By selecting the prices that apply to his particular situa-
tion, he may compute the probable reduction in cost of the horse feed 
that can be effected through the substitution of a tractor for some of 
his animal power. 
The foregoing computations are based on the assumption that the 
elements of cost involved could be made to yield their market price in 
some other use. This might be possible in case of labor by shifting 
it from work horses to productive livestock. Otherwise the saving in-
dicated might be lost, as most of the time spent on horses is performed 
before or after a day's \vork in the field and hence is not available, 
or at least not fully so, for crop work. The full saving in feed cost 
indicated is only possible in case the feed saved can be used in some 
other way that will not reflect unfavorably on the price of those things 
upon the sale of which the farmer is dependent for his income. The 
release of large acreages of crop land formerly used for raising feed 
for horses that have been displaced by tractors is, in the opinion of 
some students of the subject, an important factor in the agricultural 
depression. 25 The computations presented in the foregoing tables serve 
merely to illustrate a method by which the farmer might analyze his 
power problem and determine some of the savings in horse costs that 
would be possible if he were to displace some of his animal power with 
tractor power. Certain modifications would doubtless be necessary 111 
applying this method to any individual farm. 
20 Cavert 1 \V. L. Sources of Power on 1\iinncsota Farms. :Minn. Agr. Expt. Sta. 
Bull. 262, pp. 30·33· 1930. 
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Machine Equipment 
The purchase of a tractor necessitates the purchase of special tractor 
equipment to be used with it if the tractor is to be operated advan-
tageously. Some machinery designed for horse power can be used 
fairly satisfactorily with a tractor, but in most cases the most effective 
use of the tractor is obtained with machines adapted to tractor power, 
or at least with special hitches or attachments which adapt them to such 
use. If the tractor is to be used for belt work, additional equipment 
is needed that would not be used at all with horse power. The amount 
of additional equipment bought especially for tractor use on the farms 
studied is reported in Table 37· Implements for seedbed preparation 
are most frequently reported, altho nearly half the farms bought some 
type of harvesting machinery. As some second-hand machinery was 
purchased, the price is lower than if only new machines had been 
bought. The most common type of belt equipment bought for use with 
the tractor is the feed grinder, altho in terms of cost the thresher is by 
far the more important. 
Table 37 
Number of Farms Reporting the Purchase of Special Tractor Machinery, 
Number and Average Price of Machililes Bought, and Average Cost 
per Farm for Such Machinery 
Percentage Average Average 
of farmers Number of purchase cost 
Niachine reporting machines price of per farm 
purchase purchased machine (all farms) 
Drawbar machinery 
Plow ······· ........... 97 ·9 304 $ I 28. 57 $ 134-32 
Disk harrow . . . . . . . . . . . . s6.4 I8S 72. I I 45-82 
Spring-tooth harrow .... 54·6 161 70-9I 39-23 
Spike-tooth harrow ...... 32.6 97 29. IS 9-73 
Field cultivator 
········· 
4.8 IS 107-40 5-54 
Packer . . . . . . . . . . . . . . . . . 2.7 8 82.00 2.25 
Grain drill ............. 5-2 IS 193-47 9·97 
Grain binder ........... 37· I 12.3 I9L73 81.04 
Combine-harvester ....... 2.1 6 2,094· I 7 43-18 
Corn cultivator ......... 2.1 9!.07 r.8g 
Corn picker ............ 8.6 25 364.80 3 I.34 
Hay machinery ......... !.4 2.os 
Potato machinery ........ r.o 3.16 
Miscellaneous machinery 3·4 5·57 
Total drawbar machinery $ 4I$.09 
Belt machinery 
Silage cutter . . . . . . . . . . . 27.8 81 262.89 $ 73· I8 
Corn shredder .......... I 2.0 35 327.92 39·44 
Corn sheller ... ······· .. 8.2 24 407.58 33.62 
Feed grinder . . . . . . . . . . . 52•.6 153 64.69 34-0! 
Thresher ............... 39·9 II6 I,IOI.02 438.8g 
Wood saw .............. 22.3 65 23.14 5· I 7 
Total belt machinery .. 024 . .JI 
Total machinery ....... $1,039.40 
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Some comparisons of the total cost of special tractor equipment 
per farm in different parts of the state are shown in Table 38. The total 
cost of drawbar machinery increases with the size of farm, but not 
quite so rapidly, so the cost per crop acre is less on the larger farms. 
In case of belt machinery, there is little relation between size of farm 
and total investment in special tractor machines. There is nearly as 
large an investment per farm on the small farms as on the large ones. 
The cost of this belt machinery per crop acre decreases rapidly as the 
crop acres per farm increase. One reason for the comparatively high 
investment in belt machinery on the smaller farms is that more live-
stock is maintained in proportion to the size of farm and much of this 
belt machinery is used in prepanng crops for livestock consumption. 
Section 
of state 
Southeastern 
Southwestern 
North western 
All areas 
Table 38 
Cost of Special Tractor Machinery per Farm and 
per Crop Acre on Farms Studied 
CrOi) Cost of special tractor Cost of special tractor 
acres machinery p:r farm machinery per crop acre 
per 
farm Drawbar Belt Total Draw bar Belt Total 
146 $263.08 $s68.13 $ 831.21 $1.8o $3.89 $5.69 
236 391.33 664-37 I ,055-70 !.66 2·.8I 4-47 
425 595· I4 648.84 I ,243.98 I.40 1.53 2.93 
.... 269 $415.09 $624.3 I $I,039-40 $1.54 $2.32 $3.86 
Studies by the Agricultural Engineering Section of the Iowa Agri-
cultural Experiment Station26 indicate the annual costs of machines 
bought for tractor use, as reported in this survey, average 16 per cent 
of the purchase price. Sixteen per cent of the first cost of the machin-
ery bought by these farmers is $166.30 per farm. This covers only the 
machines bought especially for use with the tractor. In addition, an 
annual cost would be incurred for the machinery designed for animal 
power. The farmer who is considering the purchase of a tractor must 
keep in mind the fact that in order to use that tractor effectively he 
must purchase special tractor equipment. This equipment may cost as 
much as the tractor itself or more. The annual cost of this machinery 
is a substantial addition to the farm expense. To a certain extent the 
purchase price of some of this equipment can be shared with neighbors 
through co-operative ownership. Some of the annual costs can be 
offset by the receipts for custom work done with this machinery. 
It might be supposed that the purchase of special machinery for use 
with the tractor might make it possible to dispose of some of the 
machinery already on the farm. Forty farmers, less than 14 per cent 
of those included in this study, report machinery that has been dis-
'"Davidson, J. B. Life Service and Cost of Service of Farm Machinery. Iowa Agr. 
Expt. Sta. Bull. z6o, p. 275. 1929. 
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carded as the result of the tractor purchase. These 40 men report dis-
carding 59 machines, of which 37 were plows. Forty-one of these 59 
machines were sold, I I were junked, and 7 were reported as on hand 
but not used. Apparently most of the machinery on the farm when the 
tractor is purchased is retained for occasional use. The importance of 
special tractor machinery in fitting the tractor to the farm will be dis-
cussed more fully later. 
FITTING THE TRACTOR TO THE FARM 
Selecting the Tractor 
The first and perhaps the most important consideration in fitting the 
tractor to the farm is the proper selection of the tractor. The tractor 
market offers a large variety of types and sizes from which to choose. 
No doubt, one particular type and size will fulfill the requirements on 
an individual farm better than some other. It is, therefore, highly 
important that such characteristics of the various tractors, as versatility,, 
power, and adaptation to the work to be performed, be studied care-
fully before a selection is made. 
It has already been shown that there is a definite relationship be-
tween the cost of performing certain operations and the size of the 
tractor. This is due to the fact that the most economical operation 
occurs when the tractor is working at its optimum capacity (at which 
the power cost per unit of work is least) which is usually very near 
to its rated capacity. If, therefore, most of the operations which the 
tractor is expected to perform require only about IO horse power, it 
would be unwise to purchase a three-plow tractor. In the plowing and 
disking operations a sufficiently large machine may be provided on most 
any farm where a tractor is used to provide a load that is most effi-
cient for a three-plow tractor. Where enough such work is to be done, 
the larger tractor may save enough time over a two-plow tractor, as is 
shown in Table I4, to more than off-set the additional cost of power 
by using the larger tractor on the jobs requiring only a small amount of 
power. 
Table 5 shows that 54 per cent of all the tractors included in this 
study are the three-plow and 42 per cent are the two-plow size. The 
three-plow size predominates in northwestern Minnesota, 65 per cent 
being of this size. In this region, 7 per cent are larger than three-plow. 
In southwestern Minnesota the two-plow size predominates slightly, 
comprising 54 per cent of the total studied in that area. Two-plow 
and three-plow tractors are evenly divided in the southeast section. 
On I58 of the farms included in this survey one or more tractors 
had been used before the tractor now in use was purchased. In 
Table 39 the sizes of the tractors owned previously are compared with 
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those now in use. We find from these data a tendency toward the 
use of the three-plow tractor and away from the very large tractors 
and the two-plow size. Out of the 47 present owners of two-plow 
tractors in this group, 40 had this size previously and only 7 changed 
to this size from a larger size. At present 109 owners, or 67 per cent 
of those owning tractors previously, have three-plow tractors. Of 
this number only I7 per cent formerly owned three-plow tractors and 
83 per cent changed from the two-plow size to the three-plow size. 
Table 39 
Sizes of Tractors Owned Now Compared With Sizes of Those 
Previously Owned on the Same Farms 
Southeast Southwest Northwest All areas 
Previous Present Previous Present Previous Present Previous Present 
2-plow .. 40 I2 47 25 36 IO 123 47 
3-plow .. 7 36 6 28 II 45 24 I09 
4-plow 2 
Larger .. 8 II 
These data give some indication of the trend in the past with regard 
to changes in size of tractors. The present situation with regard to 
size is shown in Table 5· Forty-two per cent of all of the tractors 
studied are two-plow, 54 per cent are three-plow, and 4 per cent are 
larger than three-plow. 
To obtain some idea regarding the intentions of present owners 
with regard to the size of their future tractors, the data given in Table 
40 were obtained. Answers to questions concerning their intentions 
in this regard were obtained from 26r operators. Sixty-seven per cent 
stated that they intended to purchase the same size machine they are 
operating at present, 3I per cent intended to purchase a larger size, 
and only 2 per cent a smaller size. These figures indicate that the trend 
will probably be very much like it has been in the recent past and that 
the number of tractors of the three-plow size and larger will soon far 
exceed the two-plow size. 
Out of I73 who intend to retain their present size, r I4 do not 
intend to purchase another make, and 59 prefer to make a change. 
Table 40 
Kind and Size of Tractors That Present Owners 
Intend to Purchase in the Future 
Number 
Southeast Southwest Northwest All areas 
Larger .......... 25 ZI 36 82 
Smaller ......... 3 I 6 
Same size ....... 6o 6o 53 IjJ 
Same make .... 40 4I 33 II4 
Other make ... 20 I9 20 59 
Per cent 
Total 
3I 
2 
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Another factor that will influence the size of tractors m the future 
is the recent and rapid increase in the manufacture of general-purpose 
tractors. While the term "general-purpose" is used by one manufac-
turer as the trade name of its particular tractor,, it is used in this bul-
letin to designate tractors, regardless of make, that are designed espe-
cially for row crops and for a relatively large variety of operations. 
Since this survey was completed several manufacturers have put gen-
eral-purpose tractors on the market. When the survey was taken only 
one manufacturer had been selling this type of tractor and not enough 
were in the field to influence materially the intentions of present owners. 
The general-purpose tractor is made in both the two-plow and the 
three-plow sizes. 
Some manufacturers have made changes in their standard three-
plow tr_actors, resulting in additional power, so they are capable of 
pulling four plows under average conditions. Because of these and 
other influences it is difficult to forecast the trend in tractor sizes in the 
future. No doubt a large number of general purpose tractors will be 
in use. As these tractors are capable of performing a larger number of 
operations than can the standard type, they may be used to better ad-
vantage on small farms and on general farms where drawbar power is 
needed for a large variety of operations. This will tend to increase the 
number of small tractors. It is very likely, on the other hand, that 
the number of three-plow and four-plow tractors will increase on the 
farms that are large enough to justify a power unit of this size. 
Operator 
The mechanical knowledge and aptitude of the operator are impor-
tant factors in the efficient use of the tractor. With a little practice 
almost any one can learn h~w to drive a tractor. A good tractor 
operator, however, is more than a mere driver. He understands that 
any mechanical device needs attention, and that all moving parts must 
be constantly and properly lubricated if excessive wear and early trouble 
are to be avoided. ·He is inclined to watch the behavior of his machine 
very carefully for any signs of improper operation and to prevent 
trouble by attending to minor disorders as they occur. 
Some men are naturally more mechanically inclined than others 
and they will acquire more rapidly what might be termed "mechanical 
sense." Such men usually make good operators without any special 
training for that purpose. They learn by doing. A course of train-
ing in the principles involved in the operation of a tractor would be of 
benefit to any operator. Only 6.7 per cent of all of the owners inter-
viewed in this study had attended a tractor school and only 5.2 per cent 
had had previous mechanical experience and training. That the me-
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chanica! ability and aptitude of most tractor operators is relatively high 
is indicated by the fact that all of the repair work on s8 per cent of 
the farms included in this study was done by farm labor, and more than 
half of it on 82 per cent of the farms. 
Perhaps the ·mechanical ability of the average tractor owner is 
higher than that of the average farm operator. About one out of 
3.8 Minnesota farm operators have a tractor. The tractor is not being 
used on any particular size of farm or in connection with any par-
ticular type of farming. It is used by some farmers and not by others 
·in every county in the state. It is logical, then, to suppose that the 
farm operator who is interested in mechanics will be the first to replace 
animal power with mechanical power. 
Further evidence of the mechanical aptitude of the tractor owner 
and of his appreciation of the importance of proper operation is shown 
by the fact that 87 per cent of all owners interviewed operate tl].e tractor 
themselves or have It operated by some member of the family. This 
corresponds with the report of Cavert on Sources of Power on Min-
nesota Farms. 27 On farms where hired drivers were used they did 
not do all of the driving. Only 7 per cent of all of the driving was 
done by hired help. The proportion of driving done by hired help runs 
relatively high in northwestern J\iinnesota where it was 12-4 per cent. 
Only 4.6 per cent and 3·3 per cent of the driving was hired in south-
western and southeastern l\finnesota, respectively. 
Table 4I 
Age of Tractor Drivers on Farms Studied 
Age, years Percentage of drivers 
Under zo . . . . . . .. . .. . .. .. . . . . .. . . . . . . . . . .. . . . .. .. . 14 
20 to 29 . . • • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 34 
30 to 39 • . . . . . . • . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . 24 
40 to 49 . . . . • . • . . . . . . • . . . . • . . . . . • . . . • • . . . . • • . • • • . • 18 
so and over . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Table 41 shows the percentage of tractor drivers on the farms 
studied in various age groups. The largest percentage of drivers is 
included in the group ranging from 20 to 29 years of age. It is 
apparent from these data that, in the main, young men are operating 
the tractors. Many men of middle age do not take readily to such 
marked changes as driving a tractor instead of horses. The younger 
men, however, will learn to operate the tractor just as readily as 
farmers in the past learned to drive and care for horses. These men 
as they grow older will be experienced in handling both horses and 
tractors, and will have no reasons for preferring horses. As the 
"'Cavert, W. L. Sources of Power on Minnesota Farms. Minn. Agr. Expt. Sta. Bull. 
262, page 52. 1930. 
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length of time tractors are used on farms increases, the average age 
of tractor drivers will doubtless increase also. The average age of all 
drivers included in this survey was 32 years. 
Special Tractor Equipment 
The tractor, like the automobile, is constantly being improved and 
the newer tractors come more fully equipped with accessories as regular 
equipment than did the older ones. Many of these accessories, such 
as the air cleaner and oil filter, become a part of the tractor as it is 
assembled, and the purchaser gets his tractor fully equipped. Some 
special equipment, however, remains optional with the purchaser. 
Extension rims, skid rings, and lugs.-When a tractor is pur-
chased spade lugs are usually supplied. A wheel-type tractor can not 
be used for farm work without lugs. Skid rings for the front wheels 
are also part of the regular equipment on most tractors. 
Under ordinary conditions it is possible to obtain fairly good results 
from the average tractor without the use of extension rims on the 
drive wheels. During certain seasons of the year, however, conditions 
of soil moisture on most farms are such that extension rims are desir-
able and sometimes even necessary. They insure a wider range of use-
fulness for the tractor and make this form of power more dependable: 
A set of six-inch extension rims may be purchased for from $I2 to 
$20., depending on the size of the wheel and on the weight of the tractor. 
From $s.oo to $Io must be added for lugs for the extension rims. The 
additional dependability and usefulness given by the use of this extra 
equipment is usually sufficient to warrant the necessary expense. 
It is more convenient to operate without extension rims when 
that is possible. Some time is required to put them on and to remove 
them. If one of the drive wheels is run in the furrow when plowing, 
it is usually much more satisfactory not to have an extension rim on 
the furrow wheel. The average width of the regular drive wheel is 
about 12 inches. The regular extension rim adds 6 inches to this width 
and the average furrow is only 14 inches wide. 
It has been shown that the tractor has displaced an average of 3.2 
horses on each of the farms included in the survey. In answering the 
question as to why more horses were not disposed of when the tractor 
was added, many owners stated that all the horses that had been retained 
were not absolutely needed, but some were kept to use in cases of 
emergency when it was difficult to use the tractor because of wet 
ground. 
All farmers interviewed were asked what they considered the chief 
disadvantage of the tractor. The largest number answering this ques-
tion stated that wet and soft ground was the chief disadvantage. The 
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number raising this objection constituted ro.S per cent of the total. 
The chief difficulties in operating the tractor were also called for. 
Fifty-one operators, or r6 per cent of those answering this question, 
placed wet and soft ground at the top of the list. This difficulty was 
the one most frequently reported. Nine of these sr were in the south-
east territory, 25 in the southwest, and 17 in the northwest. 
Extension rims with spade lugs for the drive wheels greatly facili-
tate the operation of the tractor when ground conditions are such that 
it is difficult to obtain sufficient traction with regular wheel equipment 
or when operating on soft ground. In some cases the front wheels, 
also, may be equipped with extension rims, and skid rings are provided 
to facilitate turning where conditions are such that the front wheels 
tend to skid straight forward when turning is attempted. 
Only r6 per cent of all tractors were equipped with extension rims. 
None of the tractors in southeastern l\·Iinnesota were so equipped, r 7 
per cent of those in southwestern Minnesota had this equipment, and 
12 per cent of those in the northwestern part of the state. 
For special conditions such as peat land or soft wet ground, two 
sets of six-inch rims are sometimes used, or special extension rims 
that are wider than regular. 
Power take-off attachment.--The power take-off shaft makes 
possible the transmission of power in the form of rotoary motion from 
the engine of the tractor to the machine that is being drawn by the 
tractor. Most tractors on the market at present are designed in such 
a way that a power take-off shaft may be attached. This form of 
power is becoming increasing! y more important as more machines are 
designed to take advantage of it. It allovvs the transmission of power 
to the working parts of the machine without the losses that are usually 
encountered when this power is obtained through drive wheels from the 
ground. 
iVlany farm machines that are designed especially for tractor use 
require power to be delivered from the power take-off. Examples 
are the tractor binder, mower, manure spreader, and potato digger. 
The power take-off shaft is not regular equipment with most trac-
tors. It should be part of the equipment when a new tractor is pur-
chased unless the tractor is to be used only for some special purpose 
for which the power take-off is not required. A tractor that is used 
for a variety of operations on a general farm must have a power 
take-off if it is to be used to best advantage. 
Safety devices in tractor hitches.-As mechanical power is sub-
stituted for animal puwer it becomes important to place a safety link 
between the power unit and the implement that is being drawn. When 
an implement drawn by animal power strikes a stone or other obstruc-
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tion which causes it to stop instantly, or which causes a sudden increase 
in the draft requirement, the danger of a break usually is not so great 
as with a tractor. The tractor ordinarily travels at higher speeds 
than horses. It, therefore,Z8 becomes increasingly important to pro-
tect plows and other implements with a weak link in the hitch as tractor 
power becomes more common and higher speeds more prevalent. 
The wooden break pin is the safety device in most common use. 
It was used on I36 of the 314 tractors included in this study. There 
are several disadvantages to using wooden break pins as a means of 
preventing breakage in machinery due to sudden stops. In tests made 
at the California Agricultural Experiment Station, it was found that the 
strength of wooden break pins of the same size and made of the same 
material varied a great deal.29 Frequently the strongest pin in a lot 
of a dozen that were tested would carry twice the load that would 
break the weakest. 
Tests were also made to compare metal pins with wooden pins to 
determine their characteristics. The breaking strength of metal pins 
is much more uniform than those of wooden ones. A common machine 
bolt one-fourth inch in diameter will satisfactorily replace an oak pin 
three-fourths inch in diameter. A three-eighths inch machine bolt is 
approximately equivalent to a one-inch pin made of oak. Carriage 
bolts of equal size will stand somewhat less than machine bolts and soft 
steel rivets slightly less than carriage bolts. The operator is warned 
not to use bolts salvaged from machines, automobiles, trucks., tractors, 
and other high-class equipment. If metal break pins are used instead 
of wooden ones it is advisable to drill a new hole into the drawbar 
that is nearer the size of the metal pin than the hole intended for a 
wooden pin. 
A type of safety link that is coming into more general use is the 
spring overload release hitch. Most hitches of this type are so designed 
that they may be made to release at any desired pull. A spring that 
absorbs some of the small variations in draft is included in the con-
struction of most types. 
Such a hitch has the advantage over break pins that it may be set 
to release at a given pull and the variation in the pull required to 
effect the release is relatively small. On the other hand, it is more 
expensive and requires some adjustment from time to time. Such 
hitches were found in use on 20 per cent of the tractors studied. 
Automatic steering devices.-Self-guiding devices were found 
on I I per cent of the tractors studied. No detailed information was 
obtained with regard to the satisfaction they were giving. 
28 The forces which are developed when a heavy object stops suddenly tend to increase 
as the square of the velocity. 
20 Hoffman, A. H., and McKibben, E. G. Substitutes for Wooden Break Pins. Cali· 
fornia Agr. Expt. Sta. Bull. 482. 1929. 
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Practically all of the self-guiding devices are designed for use when 
plowing. They can not be used satisfactorily for other operations. 
The guiding is accomplished by a shoe on the end of an arm running 
in the furrow that was made the previous round. Guiding devices may 
be divided into two general groups. One type is entirely automatic and 
will guide the tractor without the presence of the operator. The plow-
ing must be done around the field instead of in lands if such a device 
is to be used. It is further evident that stones and stumps that might 
throw the plow out of the ground would interfere with the guide shoe 
the next time around. The guide is usually so constructed that the 
tractor engine will automatically be shut off whenever such interfer-
ences occur. 
Another type of guide may be used for plowing in lands as well 
as for plowing around the field. This type requires the attention of 
the operator at the end of the furrow while turning. While the operator 
is relieved of the constant strain of guiding the tractor while plowing 
is actually being done, he can not go off and leave the tractor operating 
alone. 
Special Machinery 
The tractor, in itself, constitutes a source of power which can not 
be utilized except by means of additional equipment. The average 
tractor owner has a certain amount of equipment suited for horse work. 
Some horse-drawn machinery may be used satisfactorily with the trac-
tor while others may not be. 
Table 37 shows the kind and cost of special tractor machinery pur-
chased on the farms included in this study. A tractor plow is usually 
purchased with the tractor. A horse plow is not suitable for use with 
tractor power. A tractor disk harrow is found on most tractor farms, 
altho horse disks are used occasionally. Frequently such horse-drawn 
equipment as the spring-tooth harrow and grain binder are used with 
tractor power. 
Manufacturers of farm equipment are placing on the market many 
machines that are designed especially for use with tractor power. vVith 
such equipment it is possible, as a rule, to utilize tractor povver more 
advantageously than with the use of horse equipment. The binder fur-
nishes a good example. Table r8 shows that the power cost per acre 
is 32 cents when a two-plow tractor is used on a seven-foot binder 
as compared with 29 cents per acre when an eight-foot binder is used, 
and 24 cents per acre when using the ten-foot tractor binder operated 
with the power take-off. This is true in spite of the fact that the fuel 
consumption per hour of the two-plow tractor for these operations is 
1.54, r.64, and r.85 gallons for the seven-, eight-, and ten-foot cut, 
62 MINNESOTA BULLETIN z8o 
respectively. The additional capacity of the larger machines more than 
offsets the slightly higher fuel consumption. 
In making this comparison, attention should be called to the fact 
that two men are required to operate the horse binders with the tractor; 
one man is needed on the tractor and another on the binder. The tractor 
binder, on the other hand, may be and usually is operated by one man 
only, altho occasionally two men are used. 
Important advantages in using regular tractor equipment are in the 
fact that the tractor is then used more nearly to its optimum capacity, 
thus reducing the cost per unit of work performed. Uusually such 
equipment is so designed that less labor is required for its operation. 
This is because adjustments are more accessible and more easily made. 
A farmer who is purchasing a tractor and perhaps disposing of some 
horses must make some change in the supply of his equipment. To 
what extent he is justified in supplying himself with machines designed 
for tractor use will depend on several factors. If some of the horse-
drawn machinery is relatively new and is of such capacity as to utilize 
the tractor power to good advantage, he may be justified in using it. 
It is doubtless true, on the other hand, that the savings effected in 
cost of operation with tractor equipment over the cost of doing this 
work with makeshift horse-drawn equipment will in many cases more 
than offset the additional cost of new equipment in a very short time. 
With the rapid changes now taking place and which have taken place 
during the last few years in design of machinery, the wearing out and 
disuse of machines probably will become a more important factor with 
farmers than it has been in the past. 
Co-operative purchases by two or more farmers offer a means of 
obtaining the advantages of equipment that is not used much on any 
one farm or that may be too high in price to justify its use on a small 
farm. Twenty-four per cent of the farmers interviewed owned one or 
more machines in co-operation with their neighbors. 
With a larger variety and a more highly specialized line of machin-
ery to choose from, .the farmer must exercise more care in the selection 
of his equipment. While one machine may be very profitable on his 
particular farm, another machine may not add anything to the net 
income and may even be a disadvantage. The farmer who is going 
to have his equipment pay him dividends rather than tax him for own-
ing it, must exercise some care and study in its selection and use. 
Most Efficient Tractor Load 
All of the energy supplied by the tractor engine is never available 
at the drawbar, the power take-off shaft, or the belt. A certain 
amount of the power is lost when it is transmitted through the parts 
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of the tractor, and in the case of drawbar work, some of the power is 
consumed in moving the tractor itself. The amount of power required 
for propelling the tractor is the same regardless of the total amount of 
power being developed; therefore the proportion of the total amount of 
power developed, that is available for work at the drawbar, increases as 
the load increases. The limit of this increase is the total capacity of the 
tractor for doing drawbar work. Usually the most efficient results are 
obtained when a tractor is operating at slightly less than the upper limit 
of its capacity. _ 
The group of tractor costs which are called fixed charges, including 
depreciation and interest, are affected very little, if at all, by the pro-
portion of its maximum capacity, at which the tractor is operating. 
Table I6 shows that the fixed charge is 40 cents per hour for the aver-
age three-plow tractor. This charge would be the same whether the 
tractor was developing I 5 or only 6 horse power. Therefore, the fixed 
charges per horse-power hour are much lower when the tractor is 
developing its maximum power. 
The easiest way to obtain the most efficient load for a tractor, from 
a theoretical standpoint, is to supply a machine that is large enough 
to utilize most of its capacity. According to data obtained by the :Mon-
tana Agricultural Experiment Station30 the optimum load for Montana 
conditions for the average three-plow tractor is about IS or I6 feet of 
tandem disk harrow, about 30 feet of grain drill, about 35 feet of 
smoothing harrow, and about three I4-inch plow bottoms. This method 
of obtaining economical tractor operation and low power costs may be 
used under some conditions but is not practical generally in l\fini1esota. 
The average :Minnesota farm is not sufficiently large to justify equip-
ment in units large enough to load the ordinary farm tractor most 
efficiently. This may be done for some operations such as plowing and 
perhaps disking, but it is out of the question on many others. 
Table 42 
Combinations of Implements in Use on Farms Studied 
Number of farms 
Combina~ion 
Southeast Southwest Northwest All areas 
Plow and harrow . . . . . . . . . . . . . . . . . . IS I3 25 56 
Disk and harrow ................... II 2! 8 40 
Spring-tooth harrow and harrow .... 21 8 32 
Another method of obtaining a most efficient tractor load, and a more 
practical one for conditions in the greater part of ~~Iinnesota, is to 
hitch two or more kinds of implements behind the tractor at the sari1e 
time. Several combinations were used on farms included in this study. 
so Murdock, H. E. Mechanical Tests on Tractor Farming Equipment. Mont. Agr. Expt. 
Sta. Bull. 243, p. I9. 1931. 
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These are shown in Table 42. The combination of the plow and har-
row appears to be the most popular. This combination is reported in 
use with s6 of the 3I.::J. tractors. The disk and harrow combination is 
used with 40 tractors, and spring-tooth and spike-tooth harrows with 32 
tractors. 
There is no close correlation between the number of combinations 
used and the location. The highest number (So) reporting combinations 
is in southeastern Minnesota. There were 4I in northwestern Minne-
sota and 37 in the southwest. 
In the southeastern part of the state the spring-tooth harrow and 
harrow combination is most popular, 21 reporting its use. The disk 
and harrow combination leads in the southwestern part, with 21 report-
ing it, and in the northwestern part the combination of plow and harrow 
takes the lead, 25 reporting its use. 
Pulling two or more implements with the tractor at the same time 
is a method that is not in use to the extent that it might be. Other 
combinations of implements than those reported here have been used 
satisfactorily. Wherever this method is used it is a more or less 
makeshift arrangement on the part of the operator. The standard 
tractor machines have not been designed with this in view. As a 
result, makeshift and in some cases unsatisfactory hitch arrangements 
must be made to accommodate the two implements. If special hitch 
arrangements were incorporated in the design of some of the imple-
ments that might be used in combination with others, it would go a 
long way toward encouraging this practice. 
Maximum Daily Performa:c1ce 
Another characteristic of tractor power that differentiates it from 
animal power and that is very important for the operator to recognize 
and to take advantage of, is the fact that the tractor may be operated 
continuously for long periods of time. An illustration of the possi-
bilities in this direction is furnished by a test conducted by the Uni-
versity of California during which a tractor engine was run 408 hours 
without a stop.'n During this period the tractor chassis was run 384 
hours and the rest of the time was used for servicing the tractor and 
implements, for making tractor adjustments., and for reading testing 
instruments. 
Table 43 shows the number of tractors on which drivers were shifted 
during the course of the clay and the numb~r used for night work. 
Drivers were shifted on 14 per cent of all tractors and the same per-
centage was used for some night work. Doubtless most of -che tractors 
a1 Hoffman. A. H. and Stirniman. E. J. A Field Test of Tractor Wear and Endurance. · 
Agricultural Engineering, Vol. 10, No. I, p. 35· Jan. 1929. 
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included in one of the groups are also included in the other, which 
means that in the main the shift of drivers occurs on the same tractors 
that are used for night work. 
Table 43 
Number of Tractors Operated Longer Than the Normal Work Day 
Southeast Southwest Northwest All areas 
Shift Number of tractors ................ 10 14 r8 42 
drivers Per cent ........................ 10 r6 r8 '4 
Night Number of tractors .............. II 20 40 
work Per cent . . . . . . . . . . . . . . . . . . . . . . . . 10 10 20 14 
Hours per year, per farm reporting 21 20 63 42 
The night work is not very important in southeastern or south-
western Minnesota. Only ro per cent of the tractors in each locality 
were used for night work and the average number of hours per farm 
per year is small. Tractor operation during the night becomes rela-
tively more important in northwestern Minnesota where 20 per cent 
of the operators did an average of 63 hours each per year of night 
work. This is doubtless due to the larger farms and the type of farm-
ing in that section, with the consequent fact that more work of a given 
kind must be done at a certain season of the year. 
In Table 44 the number of hours per day that the tractor is worked 
is compared with the number of hours per clay that horses were used 
on the same farms. Only 3 per cent of those reporting stated that the 
tractor was used fewer hours than horses. Forty per cent stated that 
there was no difference and 57 per cent reported longer clays in the 
field with the tractor. It is evident that many farmers are taking ad-
vantage of the possibilities of operating more hours per day. The op-
erators who furnished the data in Table 44 reported 8.6 hours per clay 
when horses are used. The average with the tractor was 9·5 hours, 
an increase in the length of the field clay of 0.9 hour or ro.s per cent. 
Table 44 
Comparison of Number of Hours per Day That Horses and 
Tractors Are Worked 
Farms 
Length of tractor day 
Number Per cent 
Shorter than with horses 
Same as with horses ........................ . III 
One hour longer ........................... . 27 
Two hours longer .......................... . 22 
IVIore than two hours longer ............ . 8 
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GENERAL EXPERIENCE AND OPINIONS OF THE 
TRACTOR OWNERS 
Each tractor operator interviewed was asked questions bearing on 
the satisfaction his tractor was giving. These questions had to do with 
some of the more general relationships of the tractor to farm opera-
tion. The summarized answers reveal some interesting and important 
facts. 
Servicing and Repairing the Farm Tractor 
The possibility of obtaining adequate service is corning to be a 
very important factor in the selection and purchase of farm equipment. 
No mechanical device will continue to operate perfectly for an indefinite 
period of time without attention. As some of the working parts become 
worn, they need to be replaced or adjustments must be made that will 
compensate for the wear. Parts become loose and breakages occur 
on any machine that is in continuous use. 
A tractor is of use to its owner only when it is in operation and 
performing some useful work. It is highly important that the tractor 
be in operation at certain periods of the year and under certain cir-
cumstances, if it is being depended upon as a source of farm power. 
vVhen breaks occur during the midst of the harvest season, for instance, 
it may mean the loss of a considerable sum of money through loss or 
damage of the crop if operations can not be kept going. It is then 
that the tractor operator must have immediate and satisfactory service. 
This factor becomes increasingly important as mechanical power and 
machinery are being depended upon more largely. 
Eighty-seven per cent of all of the tractor owners stated that serv-
ice for their tractors was available at a local dealer. The average 
distance from the farm to the point of service was 6.2 miles. This 
distance is not very great when one considers that the telephone and 
automobile are available on most farms. 
A more important factor than distance is the ability of the local 
dealer to give s~tis factory service. To be able to service equipment 
properly the dealer must have a sufficient supply and variety of repair 
parts on hand and must have a thoro knowledge of the machines that 
he sells so he may intelligently and efficiently analyze the trouble 
and remedy it. Ten per cent of the owners that reported on the service 
obtainable stated that it was unsatisfactory. The other 90 per cent 
were able to secure satisfactory service. 
Most of the repairing on tractors is clone during the slack season. 
Usually only emergency repairs are clone during the busy season and 
these are seldom large. The larger important jobs, such as grinding 
valves, reboring cylinders, and replacing pistons, may ordinarily be 
deferred to an opportune time. 
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Most of the tractor owners interviewed did most of their own 
repamng. Only 5 per cent reported hiring all their repair work. 
Eighty-two per cent did more than half of their own repairing. Fifty-
eight per cent did all of their own repair work. When the home 
repair work on all of the farms is taken into consideration it is found 
that 84 per cent of all of the repairing was done on the farm. 
Table 45 summarizes the items of repair reported as being per-
formed on the farm by farm labor. Almost half of the items are on 
the engine proper, valve grinding being by far the ~ost important item 
in the group. Sixteen different items were mentioned that would 
normally come under this heading .. The ignition group is next in im-
portance. The items constituting this group have to do with spark 
plugs, timer, and other parts of the ignition system. The necessity 
for attention to spark plugs is mentioned more often than any of the 
other items. Under transmission, difficulties with gears and clutches 
principally are mentioned. This group is much less prominent than 
the preceding two groups. Carburetion includes mainly carburetor 
troubles and adjustments and some mention is made of trouble with 
the gasoline tube through which fuel is conducted from the tank to 
the carburetor. Miscellaneous items are numerous, but individually 
they are of relatively little importance. 
Table 45 
Tractor Repair Work Done by Farm Labor 
N umb~r of farms reporting 
Items 
Southeast Southwest 1\~orthwest All areas 
Engine .......... . 
Valves ............... . IS I9 48 ss 
Be a rings II 10 28 
Piston rings .......... . 2 IS 
Connecting rods ....... . 4 
Other ................ . !6 14 33 
lgnition . . . . . . . . . . . . . . . . . 29 22 52 I03 
T'ransmission . ·. . . . . . . . . . . 4 IS 9 28 
Carhuretion . . . . . . . . . . . . . . 5 6 20 
lVI iscCllaneous ........... . I4 4 33 
Percentage 
of total 
29.2 
7·9 
5·7 
9·4 
In reviewing these items it IS noted that many of them consist 
of adjustments that must be made on every motor and that the op-
erator should be expected to make. Other items, such as grinding 
valves, are regular jobs on any motor but are not always performed 
by the operator. Such items as taking up bearings and replacing 
piston rings are probably more often clone by expert labor than by 
farm labor. Such jobs need not be clone more than once each year 
on the average tractor. 
Table 46 shows the number of tractors that were out of service 
for various periods when there was work to be clone. A loss of trac-
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tor time from this cause was reported on 85 farms, almost one-third 
of the total. Two-thirds of the tractor owners apparently had not been 
handicapped in this respect. While the average length of time that 
the 85 tractors were out of service when there was tractor work to be 
done was 2.9 days, Table 46 indicates that 45 per cent were laid up 
for less than two days and that 29 per cent were laid up for from 2 
to 3 days. The percentage of tractors studied that were out of service 
for 4 days or longer is relatively insignificant. 
Table 46 
Variation in Number of Days Time Lost Annually by Operators 
Because Tractor Was Out of Service 
Time lost, days 
Less than 2 .••..••••.•••.. 
2 to 3 •.....•...•...•.•..• 
4 to s ................... . 
6 to 7 ...........•........ 
8 ~ 9 ···················· 
10 and more ............. . 
Number of operators 
All areas 
The reasons given for the lost time are numerous and varied. In 
the main they constitute breakages that seldom occur but are likely to 
occur at any time. Occasionally, however, replacing piston rings and 
grinding valves were given. These ordinarily can not be classified 
as emergency repair jobs because the wise operator usually plans to 
do such work when there is no tractor work to be done. These data 
indicate that while the tractor is not 100 per cent reliable, yet it 
possesses a relatively high degree of reliability. Only 7 per cent of 
the tractors studied were delayed 4 clays or more because of break-
clowns when there was tractor work to be clone; 71 per cent experi-
enced no such delays. 
Necessary delays in tractor operation will doubtless cleCI·ease as 
time goes on, because tractors, like automobiles, are gradually being 
built better. Factors other than quality of materials, design, and con-
struction contribute to such delays, however. Among these are the 
availability of repair parts and the mechanical aptitude of the operator. 
It is significant that 5 of the 85 operators were delayed because they 
were obliged to wait for repair parts. The care and judgment of the 
operator in driving his tractor often go a long way toward warding 
off costly delays. 
Miscellaneous Considerations Affecting Preference for 
Horses or Tractor 
On most farms where tractors are used there is an abundant supply 
of horses. On many farms, in fact, there are sufficient horses to do 
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much of the work that a tractor could do. It, therefore, becomes a 
matter of being able to choose either horses or the tractor for doing 
such work as harrowing, seeding, or cultivating. 
All farmers interviewed were asked to name the. operations for 
which they preferred to use horses and were also asked to name the 
operations for which the tractor was preferred. The answers are 
given in tabulated form in Table 47· Tractors are preferred prin-
cipally for the heavy field work. For operations that require special 
hitches if the tractor is to be used, horses are usually preferred. The 
general-purpose tractor had been sold to a very limited extent when 
this survey was taken. It is designed especially to perform many of 
the operations for which horses are commonly used in preference to 
the standard type of tractor. In addition, the general purpose tractor 
performs the heavy field ·work just as well as the standard tractor does. 
It appears, therefore, that this type of tractor should be better able to 
replace animal power on the average farm than the standard tractor. 
Table 47 
Tractor or Horse Preference for Certain Farm Operations 
Operation 
Plowing ................... . 
Spring~tooth harrowing ...... . 
Disking ................... . 
Cutting grain .............. . 
P('r cent 
of farms 
Tractor 
preferred 
Operation 
Seeding ............ . 
Cultivating ................ . 
1-Tarrowing ................. . 
Cutting grain ....... . 
Per cent 
of farms 
Horses 
preferred 
To obtain some information with regard to the extent to which 
animal power and tractor power duplicate each other, the farmers 
were asked whether their horses were idle while the tractor was doing 
work that horses could do. Answers were received from 230 farmers. 
Fifty-nine per cent stated that their horses \vere doing nothing while 
the tractor was doing work that could have been clone with horses, 
also that their horses were thus idle an average of about I 5 clays per 
farm per year. 
The reasons for using the tractor instead of horses are shown in 
tabular form in Table 48. Most operators are impressed with the 
fact that the tractor works faster than horses. To a certain extent 
this objection to the use of horses as well as the objection that sufficient 
men are not available to drive them may be overcome by hitching them 
in larger units. These large units are out of the question on a relatively 
small farm because the cost of keeping the additional horses would more 
than offset the value of labor saved by the use of large teams. On the 
other hand, the rate of travel of the tractor is normally faster than 
that of horses and the tractor may be operated continuously for a longer 
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time than horses. The fact that heat and flies do not affect the tractor 
is considered second in importance by those answering this question. 
Forty-one per cent of the farmers who answered this question stated 
that their horses were not idle while the tractor was doing horse work. 
This is a necessary condition if the available power on the farm is to 
be used to best advantage. 
Table 48 
Reasons for Using the Tractor in Preference to Horses 
When Both Are Available 
Number of farms 
Reasons -··-------------··---- -----
Southeast Southwest Northwest All areas Per cent 
Tractor works faster 24 15 17 56 41.0 
Heat and flies do not affect 
tractor .............. 14 IS 35 26.0 
Sufficient men not available to 
use horses ................ 21 7 31 23.0 
Tractor does better work ..... 5 14 10.0 
Another factor that might contribute to a preference for either 
horses or tractor is the opinion of the farmer as to which is more 
dangerous to use. Nine per cent of those expressing their opinion 
stated that the tractor was more dangerous than horses while the re-
maining 91 per cent stated that horses were more dangerous. It is 
apparent, therefore, that the average tractor operator considers his 
possibilities of getting hurt much less when he drives a tractor than 
when he uses horses. Twenty operators out of 290 stated that they 
had been hurt by the tractor; 270 stated that they had never been 
hurt. 
Some Advantages and Difficulties in Tractor Operation 
An attempt was made to obtain the opinions of tractor owners con-
cerning the advantages and disadvantages of tractor power, from ex-
perience. Each farmer was asked the advantages of the tractor and 
the chief difficulties encountered in tractor operation, The answers 
and the relative importance of each are shown in Table 49· The 
importance of bein.g able to do work faster than with horses is again 
emphasized by a large majority. There is not much difference in the 
relative importance of the other advantages. 
The only important difficulties are: wet and soft ground, ignition 
troubles, and hard starting. There is not much difference in the 
relative importance. 
The remaining difficulties are mentioned by so small a percentage 
that they are insignificant. Of the first three, only one has to do with 
conditions outside the tractor itself. Eight of the ten items under diffi-
culties are mechanical. In the main, these represent conditions over 
which the operator has little control. It is true that the operator who 
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gives his tractor the proper attention will experience fewer mechanical 
difficulties than the careless operator. It is also true that as tractor 
design and construction is improved there is less possibility of diffi-
culty with most of the items mentioned. 
In addition to ascertaining the difficulties encountered by these 
farmers in actually operating their tractors, data were also obtained 
as to what they considered the disadvantages of owning a tractor. 
Only two were mentioned in reply to this question. Thirty-four opera-
tors gave wet, soft ground as a disadvantage and 21 stated that the 
tractor was too expensive. 
Table 49 
Advantages and Difficulties in Tractor Operation 
Number 
Advantages of farms Difficulties 
Fast:T work ......... , . . . . . . . . . I 86 Wet and soft ground ......... . 
Belt power available . . . . . . . . . . . . 52 Ignition troubles ... . 
Better work . . . . . . . . . . . 37 l·lard starting ......... . 
Saving of man labor . . . . . . . . . . . 36 Carburetor ......... . 
Suitability for plowing . . . . . . . . . 33 Clutch ....................... . 
Freedom from effect of heat and Inexperience of operators ...... . 
flies . . . . . . . . . . . . . . . . . . . . . . . . 19 Oiling system .......... . 
Transmission ...... . 
Valve trouble .. . 
Bearings ...................... . 
Number 
of farms 
7 
6 
4 
3 
Two hundred sixty owners, or 91 per cent of those answering, 
considered their tractor a profitable investment; 9 per cent did not. 
These answers in the main were not based on any studied analysis but 
represented their opinions. 
Ninety-five per cent of the owners stated that they intended to pur-
chase another tractor when their present machine had to be replaced. 
The other 5 per cent stated that their present tractor would not be re-
placed by another. Apparently a majority of present tractor owners 
are convinced, as a result of experience, that for them the tractor is a 
profitable investment. 
CHARACTERISTICS OF TRACTOR POWER 
The tractor as a source of farm power has certain characteristics 
that must be recognized by the operator if it is to be used to best 
advantage. The tractor usually is purchased primarily to perform work 
formerly clone with horses. The new tractor is usually considered a 
substitute for horses in clra wbar work. The tractor makes it possible 
to do much more belt work than was clone before. Because tractor 
power is different from animal power it is necessary to make changes not 
only in equipment, but also in the method of performing certain opera-
tions and in the operations themselves, if the most benefit is to be derived 
from this form of power. 
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It is difficult to group these characteristics as either advantages or 
disadvantages. Whether a certain one is advantageous or detrimental 
to a particular operator, depends on conditions, such as size of farm, 
type of farming, and the operation in question. As an illustration, the 
fact that a tractor is a relatively large power unit that can not be divided 
into smaller units is an advantage for plowing but probably is a disad-
vantage for mowing on the same farm. Some of the most important 
characteristics of tractor power that distinguish it from other forms 
of farm power will be discussed briefly. 
The Tractor Is a Relatively Large Power Unit 
For performing drawbar work the average tractor is equivalent to 
8 or ro horses. If a farmer has ro horses he does not drive a ro-
horse team every time he does horse work. In effect, that is what 
happens every time a man takes oi.tt the tractor. He can not do as 
he had been accustomed to doing with horses, namely, adjust the size 
of the power unit to the load. When tractor power is used, the size 
of the unit is fixed and the load must be adjusted to it. 
This characteristic of tractor power is an advantage when the time 
and amount of work required to get ro horses ready and hitch them up is 
compared with the average daily time required to get the tractor under 
way. Tractor power lends itself more readily to the control of a large 
power unit by one man than does animal power. 
On the other hand, if the power and labor cost per unit of work 
done with the tractor is to be kept as low as possible, it is necessary 
to operate the tractor as near to its capacity as possible. On many 
farms it would be out of the question 'to use units of such machines 
as the smoothing harrow and grain drill of sufficient size that the full 
capacity of the tractor would be utilized when performing one opera-
tion only. It, therefore, becomes advisable to hitch more than one 
implement to the tractor at the same time and perform two or more 
operations simultaneously. Examples of such possible combinations 
are disking and ·harrowing, seeding and harrowing, and seeding and 
rolling. 
Horse-drawn implements are frequently used with the tractor. 
Seldom economical operation is possible with such horse-drawn equip-
ment as the disk harrow, grain drill, or grain binder. Machinery 
that is designed especially for tractor use is usually of such size and 
design that more economical use of tractor power is possible, hence 
lower cost per unit of work done than with equipment designed for 
horses. 
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Relatively Large Quantities of Belt Power Available 
The amount of power available at the tractor pulley is always 
larger than that available at the drawbar. Power generated in the 
engine of the tractor needs to be transmitted only a short dista_nce and by 
means of very little mechanism before it is available at the pulley. 
Because of this there is little possibility for loss of power through 
friction on its way from the crankshaft of the engine to the belt pulley. 
Before drawbar power can become available, however, the power 
must be transmitted from the engine to the tractor drive wheels. Be-
cause this transmission must be more elabovate than the transmission 
to the belt pulley, the losses due to friction are higher when power is 
transmitted to the drive wheels. Drawbar power is available only when 
the tractor itself is moving forward. It consumes a relatively large 
portion of the power generated by the engine. The power that remains 
after losses due to friction are deducted, together with power required 
to propel the- tractor itself and losses due to slippage, is available for 
such work as plowing and disking. In most tractors the available 
drawbar power is from 50 to 75 per cent of the power at the belt pulley. 
When a tractor is added to the farm equipment, it brings with it 
a relatively large amount of potential belt power. The purchaser must 
take the belt power if he wants the drawbar power. The amount of 
belt power available is usually much larger than before the tractor was 
purchased. Since the cost per hour of operating the tractor becomes less 
as the number of hours use per year increases., the operator must rec-
ognize the possibilities of using the tractor for belt power as well as 
for drawbar power. Such work as grinding feed, filling silo, and saw-
ing wood, formerly done by custom power, is performed by the farm-
er's own power after he has the tractor. Frequently the tractor owner 
is able to do considerable custom work with his tractor and thus reduce 
the power costs of performing his own farm work. The possibility of 
doing custom work, however, decreases as the number of tractors in a 
community increases. 
Tractor Power Applied Directly to Drawn Implements by 
Means of the Power Take-Off 
Many characteristics of tractor power make it very different from 
animal power, thus necessitating changes in practices on the part of the 
operator. While animals arc capable of furnishing power only in draw-
bar form, the tractor is capable of supplying it in three different 
forms-drawbar, belt, and take-off. This gives tractor power an ad-
vantage over animal power, especially when the operator is equipped to 
take full advantage of power in the different forms offered. 
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vVhen a binder, mower. or potato digger is drawn with horses, 
power to operate the machine is obtained through the drive wheels 
making contact with the ground. The power take-off shaft on a trac-
tor provides a means for transmitting power from the tractor engine 
directly to the machine being drawn. On a grain binder, for instance., 
the cutting and binding mechanism may be operated whether the tractor 
is moving forward or not, and is operated at constant speed regardless 
of the speed at which the tractor moves forward. The force applied 
at the drawbar then need only be sufficient to move the machine through 
the field. 
This method of operating machinery drawn by tractor is more eco-
nomical from the standpoint of the use of power than obtaining power 
through the drive wheels of the machine. In the latter case there are 
many possibilities for losses due to slippage and poor traction, on the 
part of both the power unit and the machine. In the last few years 
many standard machines, such as the grain binder, mower, manure 
spreader, corn picker, and potato digger, have been designed and are 
being built in such a way that tractor power may be utilized to best 
advantage. l\fachines mentioned that are designed especially for tractor 
use are operated with the power take-off. In many cases the capacity 
of the machine has been increased so that a larger percentage of the 
available tractor power might be utilized. 
Continuous Use for Long Periods Possible 
The average full day forhorses is from eight to ten hours. The 
tractor may be operated continuously for relatively long periods of time, 
if it is supplied with fuel and lubricants at regular intervals. This 
characteristic of tractor power is one of which many operators do 
not take advantage. Most tractors may be equipped with lights so 
that they may be operated at night as well as in the day. vVhile some 
farm operations do not lend themselves to night work, many operations 
can be performed just as well at night as in the clay.· The possibility 
of using tractor power in this way is a distinct advantage during certain 
seasons of the year when considerable field work is to be clone, such 
as planting and harvesting within specified times. Frequently the 
periods for doing such work are not very long. By shifting drivers the 
tractor may often be operated almost continuously during such critical 
periods. The rate of performance with the tractor is not affected by 
hot, sultry weather or the presence of flies and other insects. 
These are some of the most important characteristics of tractor 
power that distinguish it from animal power. It is impossible to make 
·general recommendations for using tractor power that will apply to 
all farms or to a number of farms. It is necessary for the operator 
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to recognize and study the ways in which tractor power is different 
and then must arrange his equipment, his farm operations, and the 
methods of performing them in such a way that the tractor power will 
serve him best. 
USING TRACTOR POWER TO BEST ADVANTAGE 
Mechanical Considerations 
One hundred tractors of a given make, size, and muclel are as 
nearly alike as it is humanly possible to make them. If each of such a 
group of tractors were given to each of roo operators it would soon 
be found that differences would appear in the way in which they ]'er-
form. Breakages would occur on some that would not occur on others. 
After several years it would be found that the cost of repairs would he 
higher on some than on others. In fact, the useful life of some of these 
tractors would be very much longer than that of others. 
Doubtless defective materials and poor workmanship in the con-
struction of the tractors would be responsible for some of these differ-
ences. Dit1erences clue to these causes, however, are bound to be very 
small because of the high degree of standardization in the manufacture 
of machinery. The most important factors contributing to differences 
in tractor performance are the care and intelligence with which the 
operator handles his tractor. 
The farm tractor is a highly developed group of inter-related mov-
ing parts. The relationship of these parts to each other and the pre-
cision and accuracy with which they move and with which each per-
forms its particular function have been improved upon from time to 
time so that the tractor operator today need have relatively little knowl-
edge oi the principles of gas engine operation or of machinery con-
struction in order to run his tractor successfully and keep it going 
in a reasonably good condition. 
However, the tractor is an inanimate object and it requires the atten-
tion that must be given to every mechanical device in operation. All 
moving- parts must be kept lubricated. Some parts will shovv ·wear 
after a tin1e and must be adjusted or replaced. Breakages are bound 
to occur and must he given prompt and proper attention. The degree 
oi intelligence and diligence with which the operator pays attention to 
these mechanical requirements will to a large extent determine how 
long and how successfully he will use his tractor. 
At least once each year, preferably during the slack season, it is 
advisable to make a thoro study of the mechanical condition of the 
tractor and make any necessary repairs. Frequently the operator does 
such work himself ; occasionally an expert mechanic is hired. 
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It is important that such work be clone by someone who is thoroly 
familiar with the mechanical principles of tractor operation and who 
is familiar enough with the various parts to know when and what kind 
of repair work is necessary. Such jobs as grinding valves, taking up 
main or connecting rod bearings, reboring cylinders, fitting pistons, 
and replacing worn gears should be included in this annual repair job if 
they need to be clone. 
The most successful operator, so far as the mechanics of the tractor 
is concerned, is the one who appreciates the necessity for keeping all 
working parts well lubricated and who anticipates the necessity for 
repairs and adjustments from time to time. He can, in many cases, 
eliminate causes of trouble before serious trouble occurs, and thus 
eliminate delays during rush seasons and keep clown the repair cost. 
Economic Considerations 
Several economic factors should be carefully evaluated by a farmer 
considering the purchase of a tractor. In order to use it advantage-
ously,, he must so organize his business that the use of tractor power 
vvill either decrease the cost of operation without a corresponding de-
crease in income or else will increase his income more than it increases 
his operating expense, or, better still, do both. Operating costs may be 
reduced by displacing horses and reducing the cost of the horses re-
tained. The amount of man labor needed to operate the farm may be 
reduced in two ways by the use of a tractor-given operations may be 
speeded up and thus reduce the man labor used directly; also it can 
be clone at a time when they can be clone with the least effort. If 
the labor saved is that of the farmer or members of his family, such 
saving may not reduce the expenses but merely lighten the work. Like-
wise, unless the reduction is sufficient to reduce the amount of labor 
hired, the net effect will be to shorten the working clay rather than 
reduce expenses. This is especially likely to be true in case of men 
hired by the year or season. If other productive work can be done 
with the labor saved, the income of the farm may be increased even 
if costs are not reduced. 
A further possible saving in farm expense may be effected by using 
the tractor for . belt operations. Many farmers pay out considerable 
money either for the rent of power for threshing, silo filling, corn 
shredding, feed grinding, and wood sawing, or for custom work of this 
type. The farmer may be able not only to do this work with his own 
tractor at less than rental or custom rates, but able to do the work at 
the time that fits best into his labor program. 
In considering the possible reduction in costs by the use of tractor 
power, the farmer must keep in mind that in order to use the tractor 
effectively he must purchase machinery designed especially for it. 
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Some of the horse machinery must be retained to use with the horses 
retained and in most cases the resale value of used farm machinery is 
so low that they can not be sold for a sufficient sum to offset to any 
considerable extent the cost of the tractor machinery that must be 
bought. In order to use the tractor for belt work, much, if not all, 
the machinery needed must be purchased. Even if co-operation with 
neighbors is practiced in the purchase of belt machinery, this added 
investment is merely reduced and not eliminated. In most cases, the 
total investment in power and machinery is greater after the purchase 
of a tractor than was required for the operation of the same farm with 
horses. Furthermore, the purchase of the tractor and the machinery 
to use with it as well as the purchase of tractor fuel, oil, and repair 
parts require cash outlay. The horses may be reared on the farm, 
fed farm-raised feeds, and cared for by family labor with very' little 
direct cash cost. This is an especially important consideration in case 
of the farmer who is already heavily in debt, or in times of low prices 
for farm products. 
In addition to the effect of the tractor on operating costs, the pros-
pective tractor purchaser must consider the possibility of increased 
income. Farm income may be increased directly by farming more land 
or by the use of the tractor for custom work. The work on the home 
farm may be speeded up sufficiently to allow the farmer to do work on 
other farms or such non-farm work as road dragging. Indirectly, the 
farm income may be increased by more thoro preparation of the seed-
bed and by the more timely performance of the various operations. 
The prospective tractor purchaser may save himself both disappoint-
ment and financial loss if he carefully evaluates the possible effect of 
the tractor on his operating cost and income before he decides on the 
purchase or selects the type and size of machine for his particular 
farm and the equipment to use with it. 
The man who already has a tractor must consider the same points 
in attempting to use his tractor most advantageously. In addition he 
must give special consideration to the matter of keeping down his 
cost of operation. One of the most important ways of decreasing the 
unit cost oi tractor operation is to increase the amount of work done 
by the tractor. On the small farm a limited amount of work may be 
adapted to the tractor without a considerable investment in special 
equipment. The work on the home farm may be supplemented by out-
side work where it is available. The total cost of the tractor increases 
directly tho not proportionately with an increase in atpmal use. Unless 
this increased service, even tho secured at a lower cost per hour, 
does not increase the farm income or decrease the other costs of opera-
tion enough to more than offset its cost, it is of no advantage. 
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Many tractor owners are using their tractors for so little work that 
they are unable to make any material reduction in costs of animal or 
other power. Fifteen per cent of the tractors used in this study were 
used less than 200 hours annually. The purchase of these tractors has 
in most cases added to the cost of farm operation without a corre-
sponding increase of income. It should be recognized that once a 
farmer has purchased a tractor, it may be more economical to use it 
in a limited way than to permit it to remain idle or to sell it for what 
it will bring as a used machine. For example, a man may pay $1,200 
for a tractor and after two or three years find that he has not suffi-
cient work for it to justify the investment. The resale value may be 
only $300. As long as the tractor will pay a reasonable return on this 
$300, it may be more economical to use it for the limited work avail-
able than to sell it and return to animal power exclusively. Obviously, 
it would have been much better if this farmer had considered in advance, 
in the light of his own experience and any available information on 
tractors such as is presented in this study, the possibility of the profit-
able utilization of a tractor on his farm and thereby avoided making 
an unwise investment. The most important factor in using a tractor 
to economic advantage is an advance calculation of the possible effect 
of its use on the expense and income of the farm before deciding to 
make the purchase and before selecting the size and type to buy. 
PRESENT TRENDS IN TYPES OF TRACTORS 
It has been shown that the tendency during the last several years 
has been toward the use of the three-plow tractor and away from the 
two-plow size; also that the same tendency is shown in the intentions 
of present tractor owners so far as the future is concerned. The tractor 
in most common use on Minnesota farms today is the standard four-
wheel type, on which the two rear wheels are the drive vvheels. This 
type is suited for such drawbar work as plowing and <;h·awing various 
types of tillage machines. The tread is such that one front wheel and 
one of the drive wheels usually go in the furrow when plowing. 
Several years ago the general-purpose tractor was placed on the 
market. It is designed to perform a greater variety of operations than 
is possible with the standard type. The principal fundamental differ-
ences between the general-purpose and the standard types are that the 
general-purpose has more clearance and has a different tread arrange-
ment, which varies on some makes. These differences in design are 
prompted by the desire to make the tractor suitable for planting and 
cultivating row crops. Tractor engineers, however, have gone further 
than this in the design of the general-purpose tractor. They have kept 
in mind the necessity for advantageously doing such work as mowing, 
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picking corn, and cutting grain. Special equipment of various kinds 
is being developed for use with the general-purpose tractor. The op-
erator of an average sized general farm can get along with fewer horses 
when using a general-purpose tractor than if the standard type is used. 
With the standard tractor it is necessary to keep a number of horses 
regardless of whether a tractor is used or not. These horses are re-
quired for row-crop work and other operations for which the standard 
type of tractor cannot be used advantageously. By performing a larger 
number of operations with the tractor the number of horses may be 
reduced. 
The general-purpose tractor is made in the two-plow and the three-
plow sizes. It is possible, therefore, for the prospective user to select 
the size that most nearly fits the size and character of his farming 
operations. In previous discussions it was shown that the larger trac-
tor is advisable if enough of the operations provide a load that will 
utilize most of the tractor capacity. If the load most of the time 
will be of such size that it could be handled by a two-plow size, it 
is a matter of economy to use the smaller tractor. The cost per hour 
of operating the larger tractor with no load is higher than that of 
operating the small one. Most of the leading manufacturers are 
offering a general-purpose tractor for sale. 
Another change is the more general use of the crawler or track-
laying type..of tractor. This tractor has been used largely for industrial 
and construction work where the tractor must be operated under a 
variety of conditions of soil moisture and types of soil and topography. 
Because the track-laying type can be used under more conditions for 
drawbar work than can the wheel-type, manufacturers are paying 
more attention to it and more farmers are demanding it in preference 
to the wheel type. The price of wheel-type tractors has been less than 
the track-laying tractors of the same size and capacity. At present the 
track laying type is available in sizes from the two-plow up, and the 
general-purpose track-laying type is also available for row-crop work 
and for other general farm work. 
Recently a manufacturer has placed on the market a wheel type 
tractor in which all four wheels are used as drive wheels. From the 
standpoint of traction the four-wheel drive type has advantages over 
the two-wheel drive and perhaps encroaches on the place occupied by 
the track-laying type in that respect. A successful four-wheel drive 
tractor is a possibility from an engineering standpoint. 
lVIost farm tractors are equipped with four-cylinder motors. Some 
have two-cylinder and a few have six-cylinder motors. There has been 
no definite trend with regard to number of cylinders., altho the number 
is increasing. 
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Recent changes and present trends in types and models of tractors 
indicate that manufacturers are paying considerable attention to the 
adaptability of the tractor to all kinds of farm work. It is highly 
important to the prospective purchaser to keep infonned with regard 
to the type of equipment available from time to time. As the variety 
increases it becomes increasingly difficult to select the best that is 
available for any particular set of conditions. 
SUMMARY 
The number of work horses on Minnesota farms decreased 13 per 
cent during the ten-year period ending 1930; the increase in tractors is 
191 per cent. The drawbar horse power increased slightly. 
This study is based on a survey of 291 farms on which 314 tractors 
were used. The records were about equally divided between dairy 
farms in the southeastern part of the state ; corn, beef cattle, and 
hog farms in the southwestern part; and small-grain farms in the 
northwestern part. The average size of farms in the three sections 
were 214, 294. and 556 acres, respectively. 
No consistent relation exists between the size of farm and the size 
of tractor used. 
Seventy-nine per cent of all of the tractors included in this study 
were purchased new. 
On the farms studied, tractor power constituted slightly more than 
half of the drawbar power. 
The number of acres handled per drawbar horse power vvas 14.7 
in the southeast, 19.1 in the southwest, and 29.9 in the northwest. 
The average hours of use per tractor per year was 417. The maxi-
mum was 2,615 hours and the minimum, 30 hours. 
Approximately 75 per cent of all tractor work on the farms studied 
was drawbar work and 25 per cent belt work. 
The most common drawbar operations were plowing, disking, spring-
tooth harrowing, harvesting, and harrowing. The most important belt 
operations were threshing, feed grinding, silo filling,, wood sawing, and 
corn shredding. 
Sixteen per cent of all tractor work, 5 per cent of all drawbar work, 
and 47 per cent of all belt work was custom work. 
The items of tractor cost considered in this study are fuel, oil, 
other lubricants, repairs, labor, interest, and depreciation. 
The average cost per hour of operation was 74 cents and 96 cents, 
respectively, for two-plow and three-plow tractors. These costs varied 
from 40 cents to $r.96 per hour for the two-plow tractors and from 
56 cents to $3-56 per hour for the three-plow tractors. 
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The most important factors causing variations in the cost per hour 
of tractor operation were the number of hours of annual use per tractor, 
the operations for which the tractors were used, the purchase price, 
the age, and the price of the fuel used. 
Sixty-seven per cent of the tractor owners interviewed had increased 
the size of their farms since the purchase of the tractor. · The average 
increase per farm was 8o acres. A 6 per cent increase in productive 
livestock per farm was reported. 
An average net saving in man labor of 67 days per year after the 
purchase of a tractor was reported. 
An average decrease of o. 18 hours in the daily hours of work per 
man, and an increase of 0.59 hours in the daily time spent in the field 
was estimated by the tractor operators as compared with the time so 
spent when the farms were operated with animal power. 
The average reduction in work horses made possible by the use of 
the tractor was reported as 3.6 horses, or 33.6 per cent. 
The tractor farmers reported an average reduction of 20 per cent 
in grain fed to work horses, I I per cent in hay, and an increase of 29 
per cent in pasture as compared with what was used before the trac-
tor was purchased. They also reported the working life for horses to be 
2.2 years longer. 
The average decrease per farm in the cost of feed, labor, interest, 
and depreciation for work horses made possible by the use of the trac-
tor, on the basis of market prices prevailing at the time of the study, 
was $489.17. On the basis of present prices (February, 193I), this 
reduction would be only $340.50. 
The average cost of special tractor equipment per farm was 
$r,03940, or $3.86 per crop acre. 
Fifty-four per cent of all tractors included in this study were the 
three-plow size ; 42 per cent were the two-plow size. 
The number of tractors of the three-plow size and larger will prob-
ably soon far exceed the two-plow size. 
Eighty-seven per cent of all owners interviewed operate the tractor 
themselves or have it operated by some member of the family. 
\Vet and soft ground was given by most operators as the chief 
obstacle to tractor operation. 
Only 16 per cent of all tractors had extension rims. 
The point of highest efficiency in tractor operation is slightly lower 
than the maximum capacity. 
The cost per unit quantity of work performed with a tractor is less 
when the tractor is loaded to its hig·hest efficiency point than when only 
a small part of the available tractor power is utilized. 
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Optimum tractor loads may be obtained by fitting the size of the 
implement to the capacity of the tractor or by hitching two or more 
kinds of implements behind the tractor at the same time. 
The tractor may be operated continuously for relatively long periods 
of time. 
Eighty-seven per cent of all owners interviewed stated that service 
for their tractor was available from a local dealer at an average distance 
of 6.2 miles. 
Ninety per cent of those reporting on service stated that it was 
satisfactory. 
Fifty-eight per cent of the owners interviewed did all of their own 
repair work; 82 per cent did more than half. Five per cent hired all 
their repair work. 
One-third of the owners reported that their tractors were out of 
service when there was tractor work to be done. The average length 
of time was 2.9 days. 
Ninety-five per cent of the owners stated that they intended to 
purchase another tractor when their machine needs to be replaced. 
Some of the significant characteristics of tractor power are: (I) The 
tractor is a relatively large power unit. ( 2) Relatively large quantities 
of belt power are available. (3) Tractor power may be applied directly 
to drawn implements by means of the power take-off. (4) The tractor 
may be used continuously for long periods of time. 
If the tractor is to prove a profitable investment, the farmer must 
so organize his business that the use of the tractor will either decrease 
the cost of farm operation without a corresponding decrease in income 
or else will increase the farm income more than it increases the operat-
ing expense. 
APPENDIX 
F.T.S. 1.1 Record No. _____ _ 
FARM TRACTOR SURVEY 
Division of Agricultural Engineering and Farm Management and Agricultural Economics 
Department of Agriculture, University of Minnesota 
SUB-PROJECT 1. SURVEY OF FARMS OPERATED BY EXPERIENCED 
TRACTOR OWNERS 
·CountY---------Year ending ____ Date record taken ____________ _ 
Operator Post OffiCC-----------.R.D.----
Town nearest farm----------Distance and directiOIL--------------
Soil typ Topography crop land------------
Acres: Owned (this farm) ____ Cash rente<~-----Shares Rented ou<-----
Total acres farmeud _____ Acres in crops.... _____ Tillable land not croppeU------
Rotation pasture'-----"-'cres perm. pasture tillable_ ____ ,Open past. not tillable-----
Woods pasture"-----Woods not pastured----Farmstead, waste, roads, etc. ___ _ 
CROP RECORD 
Before purchase Year 192 
I I Reason for changes Acres Fields Acres Fields 
Corn for grain I I 
Corn for silage I I 
Other corn I I 
Oats 
Barley 
Rye l___j I 
Flax I I I 
Potatoes I I 
Alfalfa I I 
Tame hay I I 
Wild hay j_ I 
Other crops I I I 
Total I I I I I 
F.T.S. 1.2 Record No. _____ _ 
CONDITIONS BEFORE PVRCHASING TRACTOR AND NOW 
Livestock I Before I I purchase Now Reasons for changes 
No. work animals kept I I 
No. needed now without tractor I I 
Grain fed work animals per year, lhs. I I 
Hay fed work animals per year, tons I I 
Pasture for work animals per year, days I I 
Care of work animals per day, hrs. I I 
Useful life of work animals, yrs. l I 
Average age work animals, yrs. I I 
Average weight work aniwals, lbs. I I 
Average value work animals, $ I 
Outside work by work animals for pay, days I 
Cows, average number Dairy I Beef I 
Young dairy cattle & bulls I 
Young beef cattle, bulls & steers 
Sheep 
Hogs 
Poultry 
Have you bought any work animals since getting tract~r-----------------
ANNUAL OPERATION COSTS 
Repair parts 1 $ 
I 
Trips for repairs I 
Telegraph & telephone I 
Cylinder oil:_ga!.l 
Other oil & grease I 
Total I $ 
F.T.S. 1.3 Record No, _____ _ 
DRIVER OF TRACTOR 
Who drives tractor and age of driver: Farmer· ____ :O,onl----Hired driver ___ _ 
Education 
Mechanical training ___________________________ _ 
COST OF DRIVER 
Hired I Farm driver driver 
Hired driver: mos. __ days __ hrs. __ at_mo, __ day __ hr, __ I 
Farm driver: mos.--days __ hrs. __ at_mo. __ day __ hr, __ I 
Per cent of operation of tractor by hired and farm driver I 
Board furnished driver, --mos. at $--: __ days at $ I 
Value of house rent, farm products, etc. furnished driver I 
Driver insurance $ License Etc. I 
Total cost of driver I 
Cost per tractor hour I 
Tractor Item 
Daily care 
Repairing 
Gettmg fuel, 
parts, etc. 
Total 
I 
I 
FARM LABOR ON UPKEEP OF TRACTOR 
Man labor Horse labor 
Times I Hours I I Rate I or per day Total Cost ±Cost days or time hours 
J I I I I I 1· I 
I I I I I I I 
Auto use on farm 
as tractor 
Miles I Rate I Cost 
I I 
I J. 
I I 
Items of repair _____________________________ _ 
How much of repairing is done by farm labor? _________________ _ 
Why?--------------------------------
F.T.S. 1.4 Record No,, _____ _ 
TRACTOR DRAW BAR WORK-HOME FARM 
I Honrs Wockcd 1 Gasoline I Kerosene Man 
Kind of work Total Size~ 
Tractor I Gals.! at Total I Gals. I at I Total Cash hrs. acres tool Man rec'd saved 
I I I I I I X 
I I I I I I X 
I I I I I I ~--I I I I -~-~-- X 
I I I I I I -xi--
I I I I I I 
-+j-I I I I I I 
I I I I I I -;:n--
I ~I ~- I I I XI 
I I ~--~- I I I XI 
I I -j- I I I XI 
I H- I I I r---'x-1--Total home I I I I I I lxl-farm draw bar work 
TRACTOR DRAW BAR WORK-CUSTOM 
: i==J i ~ ::----+--1----J I X 
I I I I I 1=-f I I ~-- I X 
I I I ~ I I I -!-X-I I I I I I I X I I I I I I I I ~:X-I I I I I I I I ----x-I I I I I I I I -j----x-~--Total custom I I I I I I I I X draw bar work 
F.T.S. I-5 
BELT WORK ON FARM 
Record No·------
I 
Hours worked I Gasoline Kerosene Man 
Kind of work Size of 
Man I Tractor Gals. I at Cash hrs. machine Gals. at Total Total rec'd saved 
I I 
I J I 
I I I I 
I I I I 
I I I I 
I I I I I 
j_ I I I I I 
I I I I I I 
=t=i== I I I I I I Total belt work I I I I I I home farm 
CUSTOM BELT WORK 
I I I I 
I I I 
I I I 
+ -:-I I I I I I I I I I I I I I I I I I I I 
I I I I I I I 
Total custom I I I I I I I belt work 
Total belt work I I I I I I ~~-Total draw bar work I I I I I I I 
Total all work I I I I I I I I I 
No. farms tractor worked on during year: Draw bar work_ __ Belt worK------
How many months ·of year is tractor under cover'------------------
Value of building housing tractor Proportion used by tractor·------% 
Annual insurance on building $-------
F.T.S.I.6 Record No.------
TRACTOR RECORD 
(If more than one tractor on farm use copy of this schedule for each) 
~~~ha~!d ~raD~~r From whoRating:---------Year Wri~e,_ ___ _ 
New or secondhand and condition when bough.L-----::-::----:--:----,------::-----
Years used: Previous owner By yo Years further service expected ___ _ 
Value start of this year ; End of this year : Depreciation_ ____ _ 
Avg. valu Interest on avg. value at-% ____ ; Annual insurance-__ _ 
Is tractor equipped with power take off?----------------------
What operations is it used for?-------------------------
TRACTORS PREVOUSLY OWNED 
I H.P. ~·0~· Years I new or used by Years I Reasons sold Make Plows second- former used Cost price or discarded hand owner here 
I I I I 
_l I I I I I 
I I I I I I 
MACHINERY ON FARM WHEN TRACTOR WAS BOUGHT THAT HAS BEEN 
SOLD OR JUNKED BECAUSE OF TRACTOR 
I p~ I Sold, I I Price Rented Kind Size Years idle or Date rec'd or Days! Cost T Cost used juuked value now 
I I I I I __j_ 
I I I I I 
+ I I I I I I I I _\ I 
I 
I 
I I + I I I I I -y t I l 
I I I I I 
• 
• 
F.T.S. 1.7 MACHINERY USED WITH TRACTOR Record No, _____ _ 
Iri.cluding all old machinery and any new machinery bought to use with tractor 
Kind 
\:Vhat machinery 
Kind and make 
Auto 
Truck 
Gasoline engines 
Electric motors 
F.T.S. t.8 
Bought Bought 
Size I I I Value Kind Size I Date I Value Date Cost now Cost now 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I i I I I I I 
' 
I ! I I I I I 
I I I I I I I I 
I I I I I I I I 
i I I I I I I I 
I I I I I I I I 
I I I I I I I 
I I I I I I I 
could you dispose of because of tractor? I I I 
I I I 
I I I 
OTHER MOTORS ON FARM BESIDES TRACTOR 
Siz•o 
Date I bought I Value I Cost . now For what used 
~----------------
Record No. _____ _ 
TRACTOR EXPERIENCE 
1. On plows do you use break-pin hitch ?--------Spring-trip hitch 1-------
If spring hitch, what tYP"------------------------------
2. Do you ever pu11 more than one implement of the same kind or different kinds?----
3· If so, what hitch is used 1------------------------
4· Do you use automatic steering device ? ____ What kind _____________ _ 
5· On continuous job how many hours daily is tractor operatC"------Horses ____ _ 
6. Is any tractor operated equipment owned co-operativ<:ly? ______ '---------
7· \..Yhat are the principaL difficulties you have in operating your tractor----------
8. Did you purchase your tractor of a local dealer?------------------
9· What were terms of purchase? 
10. \¥hat discount was given for cash payment in full?·-----------------
'I. Where do you get parts and service ? _______________ Miles distant___ 
12. Hours to get part:s_ _____ Is service satisfactory 1----------------
13. How many days lost this year because tractor was out of service?·-----------
Why? 
14. Has operator ever been injured by tractor?---------------------
1 s. Do you consider a tractor more dangerous than horses?---------------
r6. Because of the use of tractor on this farm has additional land been purchased? 
________ ;acres. Additional land rented ________________ .acres? 
17. Have you ceased cultivation of any land because of the use of tractor? ______ ...acres 
Reasons 
F.T.S. 1.9 Record No·------
r8. Land brought into cultivation { ~{e~i;eeJ } because of tractor------------" 
broken 
19. Changes in farm layout made or contemplated because of tractor·------------
20. Does tractor have wheel extension rims ?---Do you use them ? ___ Why? ____ _ 
21. Tractor work hired before getting tractor: Days. ____ Cost $----Kind of work 
22. Days tractor does horse work while horses are idle--____ Why ? __________ _ 
23. For what operations is tractor preferred to horses? ________________ _ 
Why? ____________________ _ 
24. How many hours has tractor le-ngt'lened-or shortened-work days on farm? 
25. How many hours has tractor lengthened-or shortened ___ work day in field? 
26. How much more or less labor used on farm now than before tractor was bought. 
Family labor: Man months__.Man days ___ _ more or less 
Hired labor: Man months_ ____ Man days ___ _ more or less 
27. For what operations are horses preferred to tractor? ________________ _ 
\Vhy?-------------------
28. For what operations have you found tractor unsatisfactory _____________ _ 
Why?-------------------
29. Do you work shifts of drivers on tractor ? ____ l\{ethod--------------
JO. Do you work tractor nights by artificial lights? ____ Total hour.'----------
31. Chief advantages of tractor on your farm ____________________ _ 
32. Chief disad\"antages of tractor--------------------------
33· If you had no tractor would you buy one ? ___ Kind-----Why ________ _ 
_________ what H. p _____ \Vhy? ______________ _ 
34· Has your tractor been a profitable investment? ____ Why ____________ _ 
35· Farmer as co-operator in tractor accounting ____________________ _ 
Enumerator _______________ _ 
